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ABSTRACT
This study investigated the effects of m athem atics 
methods co u rses  on the mathematical attitudes, content 
knowledge, and  pedagogical beliefs of preservice elementary 
teachers and preservice secondary  mathematics teachers . The 
study w as conducted during the fall sem es te r  of 1992 at the 
University of Nevada, Las Vegas. Forty-seven preservice teachers 
participated voluntarily. Twenty-eight were enrolled in an 
elementary m athem atics m ethods course; nineteen w ere  enrolled 
in a  secondary mathematics methods course.
Attitudes toward m athem atics were studied  quantitatively 
by administering Aiken's Revised Attitude Scale  on a  pretest- 
posttest basis. The results indicated that the attitude toward 
m athem atics of preservice elem entary  teach e rs  improved 
significantly. The attitude toward m athem atics of preservice 
secondary  m athem atics teachers  improved, but not significantly.
Mathematical content w as  m easured  quantitatively by 
administering a  test designed to m easure  knowledge of 
meaningful mathematical content. This tes t was administered on 
a  pretest-posttest basis. The results indicated that the 
meaningful mathematical content knowledge of preservice
elem entary  tea ch e rs  improved significantly. The meaningful 
mathem atical con ten t knowledge of preservice  secondary  
m athem atics te a c h e rs  did not ch an g e  significantly.
Preserv ice  teach e rs ' pedagogical beliefs w ere  studied 
qualitatively. Specifically, beliefs concerning the u se  of 
manipulatives, technological aids, and  cooperative learning were 
considered. R esponden ts  wrote about their beliefs in each  of 
th ese  a reas  at the beginning of the sem es te r  and were 
interviewed at the  end of the sem ester . Analysis of the 
qualitative d a ta  resulted in the generation  of the following four 
working hypotheses: (a) Mathematics m ethods cou rses  provide 
preserv ice  tea ch e rs  with important knowledge and experience  
concerning the use  of manipulatives, technological aids, and  
cooperative learning; (b) preservice  tea ch e rs  learn mathem atical 
content through their experiences in the  m athem atics m ethods 
course  which involve the use  of manipulatives, technological 
aids, and cooperative learning; (c) preservice teache rs  are  
concerned  that difficulties might arise  which will im pede their 
ability to incorporate the  use  of manipulatives, technological 
aids, and cooperative learning in their c lassroom s; and (d) 
preservice  tea ch e rs  leave their m athem atics m ethods course  
feeling they need to learn more about the use  of manipulatives, 
technological aids, and  cooperative learning.
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Chapter 1
In tro d u c tio n
The United S ta tes  is in the midst of a  transformation from 
an industrial to an information-based society (National Council of 
Teachers of Mathematics [NCTM], 1989). The e ra  when employees 
used  their physical abilities together  with sh o p k e ep e r  arithmetic 
skills to carry out essentially the  sa m e  job throughout an entire 
caree r  is over. Instead, new entrants to the job market must be 
capab le  of applying new technologies to unfamiliar problem 
situations and to work cooperatively toward the solution of th ese  
problems (NCTM, 1989). This metamorphosis, precipitated by 
recen t technological advances , predicates a  redefining of 
mathematical com petency for our society (NCTM, 1989).
"M athematics has becom e a  critical filter for employm ent 
and full participation in our society" (NCTM, 1989, p. 4). The 
m athematical knowledge that will be expected  in the work place 
of the  future will include the  ability to unders tand  the 
m athem atics underlying complex, open-ended problems and the 
ability to work with others to solve these  problems. Poliak 
(1987), a  noted industrial m athematician, s t re s se d  the
1
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importance of having a future work force which believes in the 
utility and value of m athem atics a s  well a s  the ability to apply 
m athem atics  to real-world problem s.
Currently, many American s tuden ts  lack the understanding 
of the conceptual b a s e s  for the m athematical skills that they 
have learned (Brown, Carpenter, Kouba, Lindquist, Silver, & 
Swafford, 1988). Consequently, they a re  often unable to apply 
th e se  skills in the solution of problems (Brown et al., 1988). it is 
no longer sufficient for a  small pe rcen tage  of our population to be 
mathematically literate, rather, it is an econom ic necess ity  that 
ALL of our current school children develop the ability to reason 
mathem atically, com m unicate  mathem atically, and  gain facility 
in the  problem-solving p rocess  in order that they will som e day  
be capable  of solving problems which are  yet to be formulated 
(NCTM, 1989).
NCTM's vision of m athem atics includes the contention that 
mathem atics should not be considered a  hodgepodge of unrelated 
algorithms and problems which can be completed by one correct 
m ethod, but rather a  field rife with possibilities for discovery 
and exploration. This change  in the philosophical underpinnings of 
m athem atics requires a  corresponding ch ange  in pedagogical 
practice. The teacher 's  role must shift from one of d isp ense r  of 
knowledge to facilitator of learning. S tudent cen tered  activities
3
involving comm unication, exploration, exam ination, 
transform ation, and application must rep lace  teach e r  
presentation a s  the predom inant mode of instruction (Cooney, 
1988; NCTM, 1989).
S ta tem en t of the Problem
O ne impediment to the implementation of a  philosophy 
gea red  to improving the teaching of m athem atics s tem s from the 
tendency of teachers  to teach  in the sam e m anner in which they 
have been  taught (Frank, 1990). Many preservice teachers  have 
been educa ted  primarily by pedagogies that are  no longer 
considered  effective by current experts in the  field of 
m athem atics education. T hese  preservice teach e rs  have never 
been exposed  to the use  of manipulatives, the  use  of computers 
and calculators, and group learning situations (Trueblood, 1986). 
Thus, one condition for the su c ce ss  of the reform of m athem atics 
education is that our preservice teachers be taught by pedagogies 
which a re  considered appropriate by the National Council of 
T eachers  of Mathematics. T hese  pedagogies which include the use  
of manipulatives, the use  of technological teaching aids, and the 
implementation of cooperative learning s tra teg ies  a re  not usually 
employed in the  pre-college mathem atics education nor in the 
college content courses  of preservice teachers . Ball (1990)
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contended that mathematics m ethods courses  can  be an 
intervention which change  the preservice  teach ers ' knowledge, 
assum ptions, and feelings about m athem atics, a s  well a s  their 
beliefs concerning their role a s  te a ch e rs  in the classroom . 
Consequently, m athem atics m ethods cou rses  might provide the 
vehicle by which preservice teach e rs  gain knowledge of, and  an 
inclination toward, the  use  of manipulatives, technological aids, 
and  cooperative learning.
A seco nd  factor affecting the m athem atics education of our 
youth is the mathematical com petence  of their teachers . Teacher 
education program s som etim es have difficulty attracting top 
s tuden ts  into their ranks, leading to criticism concerning the 
adequacy  of content knowledge of preservice teachers . This 
problem is particularly acu te  am ong preservice elem entary  
teachers  who usually do not take a s  many m athem atics content 
credits a s  their secondary  counterparts (Book & Freem an, 1984). 
Further, the mathematical b a se  of many preservice secondary  
m athem atics te a ch e rs  and preservice elem entary te a c h e rs  is 
rule-bound, severely lacking in the meaning necessa ry  to provide 
ad eq ua te  explanations to their future students (Ball, 1990). If 
reform in m athem atics education is to be successful, future 
teach e rs  m ust leave their p reserv ice  training with pedagogical 
knowledge and adequa te  mathematical content knowledge. Only
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then will they becom e teachers  who are  capable  of stressing 
conceptual understanding, reasoning, and mathematical 
communication, three  a re a s  considered  essentia l by the National 
Council of T eachers  of Mathematics (NCTM, 1989).
Lastly, teach e r  attitudes toward m athem atics can  have 
profound effects on their students. Schofield (1983) found that 
there  w as a  positive relationship betw een  teach e rs ' attitude 
toward m athem atics and  the achievem ent of their students . 
Unfortunately, many elem entary school te a ch e rs  suffer from math 
anxiety which can be defined a s  "a combination of poor attitudes 
toward m athem atics and  low expectations for one 's  ach ievem ent 
in mathematics" (Tishler, 1980, p. 1). Tishler (1980) went on to 
con tend  that math anxiety is debilitating and  can be transm itted 
from teache r  to student. It is important that elem entary 
s tu den ts  do not develop negative feelings toward m athem atics, 
let a lone math anxiety, a s  such feelings can be difficult to 
improve later (Kelly & Tomhave, 1985). An inadequate foundation 
exacerba ted  by a  lack of confidence often severely inhibits 
s tuden ts ' future learning of school m athem atics (NCTM, 1989; 
Paulos, 1988). Therefore, another condition for the su c c e ss  of 
reform in m athem atics education is that preservice teach e rs  
leave their preserv ice  training with a  positive attitude toward 
m athem atics, a s  well a s  an understanding of how their teaching
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should foster and  maintain such an attitude in their s tudents.
Thus, it se e m s  reasonable  to conclude that one m eans of 
improving the sta te  of m athem atics education in this country 
would b e  to provide preservice  program s for future teache rs  
which provide them with: (a) meaningful knowledge of 
m athem atical content, (b) a  positive attitude toward 
m athem atics, and  (c) pedagogical knowledge consisten t with 
NCTM's philosophy of mathem atics a s  e spo used  in The C u r r i c u l u m  
and Evaluation S tandards for School Mathematics (NCTM, 1989).
Need for the Study
Preserv ice  teach er  education program s usually consis t of 
som e combination of content and pedagogy. Mathematics 
departm ents  charged  with teaching mathematical content and 
education departm ents charged  with teaching pedagog ies  to 
preservice teach e rs  have battled over the  relative importance of 
these  two types of courses . Although support can  be found in the 
literature for s tressing  either over the o ther (White, 1987; 
Brodbelt, 1984), many studies call for som e type of integration of 
content and  pedagogy (Dossey, 1984; Isenberg, & Altizer-Tuning, 
1984; Burger, Jenkins, Moore, Musser, & Smith, 1983; Kerr & 
Lester, 1982).
In an attem pt to inform this debate , the p resen t study
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investigated the effects of an elem entary m athem atics m ethods 
course  and  a  secondary  mathem atics methods course  which taught 
m athem atical pedagogy through modeling activities covering 
a sp ec ts  of m athematical content that th ese  preserv ice  teach ers  
will som eday  have to teach. The rationale behind th e se  courses  is 
em bedded  in the revamped philosophical underpinnings of the 
nature of m athem atics suggested  by NCTM's S ta n d a rd s  (1989). If 
courses  such a s  these  are  to be deem ed  effective, they must 
positively impact the attitudes of preservice  te a c h e rs  toward 
teaching m ethodologies which a re  generally considered  effective 
by the majority of current m athem atics educators. T hese  
methodologies include: the use  of manipulatives, the  u se  of 
technological teaching aids, and  problem solving in cooperative 
groups.
Further, this study provided information concerning the 
current s ta te  of the meaningful knowledge of m athematical 
content and  attitudes toward m athem atics that p reserv ice  
teache rs  bring to their respective m ethods course. It also 
investigated the  potential benefits which could be derived from 
m athem atics m ethods cou rses  with regard to the attitudes 
toward m athem atics and the meaningful knowledge of 
m athem atical con ten t of p reserv ice  teachers .
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Purpose  of the Study
The purpose of this study w as to determ ine the effects of 
e lem entary  m athem atics m ethods co u rses  and  secondary  
m athem atics m ethods co u rses  on preservice teachers . The 
effects of m athem atics m ethods co u rses  on the meaningful 
knowledge of m athem atical content, the  a ttitudes toward 
m athem atics, and  the  pedagogical beliefs of preservice 
e lem entary  tea ch e rs  and  preservice secondary  m athem atics 
te a c h e rs  were studied.
The overall intention of this study w as to consider the 
effects of m athem atics m ethods co u rses  in a  variety of a reas .
The quantifiable nature  of meaningful knowledge of m athem atical 
con ten t and attitudes toward m athem atics led the re sea rch e r  to 
consider the effects of m ethods course  on th ese  variables 
quantitatively. The nature of preservice teachers ' pedagogical 
beliefs led the resea rch e r  to use  qualitative m ethods to analyze 
the effects of m ethods co u rses  in this area.
O perational Definitions
Manipulatives - Manipulatives are objects that can  be touched, 
moved about, arranged, and  rearranged by children. Som e 
m anipulatives exist normally within the  environment, such  a s
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money or a  yardstick. Other manipulatives a re  specifically 
designed  for the purpose of teaching mathematical concepts 
(Kennedy, 1986). Examples of th ese  include geoboards, base-ten  
blocks, a lgebra  tiles, Cuisenaire rods, and tangram s.
Technological Aids - Technological a ids refer to a  variety of 
calculators, computers, and the software packages  u sed  on those 
com puters. This definition is narrow but it covers the  a sp ec ts  of 
technology considered  in this study.
Cooperative Learning - "Cooperative learning is an approach that 
involves a small group of learners working together a s  a  team  to 
solve a  problem, complete a  task, or accomplish a common goal" 
(Artzt & Newman, 1990, p. 448). Cooperative learning 
experiences in this study took place within the classroom . They 
were used  to encourage  mathematical communication a s  well a s  
to develop a  better understanding of the diversity of app roaches 
that different s tuden ts  take toward a  problem.
Beliefs - Beliefs a re  a  form of knowledge which are  context 
dependent, have a  social component, and enable an individual to 
m eet their goals (Tobin, Tippins, & Hook, 1992). Throughout this 
study, beliefs will refer specifically to pedagogical beliefs
1 0
concerning manipulatives, technological aids, and  cooperative  
learn ing .
Meaningful Knowledge of Mathematical Content - Meaningful 
knowledge of mathematical content refers to a  conceptual and 
intuitive understanding of m athem atics. This knowledge 
tran sce n d s  simply applying algorithmic p rocedures  or memorizing 
facts in order to attain correct answ ers. For the purposes of this 
study, meaningful knowledge of mathem atical content is defined 
a s  the score  attained on the revised version of the Essential 
E lem ents of Elementary School Mathematics Test (White, 1986, 
s e e  Appendix II).
Attitudes toward M athem atics - Attitudes toward m athem atics  
refer to the level of like or dislike felt by an individual toward 
m athem atics. For the purposes of this study, attitudes toward 
m athem atics is defined a s  the score attained on the Aiken's 
Revised Mathematics Attitude Scale (Aiken, 1963, s e e  Appendix
I).
Pedagogical Knowledge - Pedagogical knowledge refers 
specifically to an understanding of teaching s tra teg ies which 
involve the use  of manipulatives, the u se  of technological aids,
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and the u se  of cooperative learning stra tegies in the teaching of 
m a th e m a tic s .
R esearch  Questions
1. Do preservice elementary teache rs  and preservice secondary 
m athem atics  te a c h e rs  differ significantly with regard  to their 
meaningful knowledge of m athem atical content?
2. Does taking a  mathematics methods course  result in a  
significant ch an g e  in the a ttitudes toward m athem atics  of 
p reserv ice  e lem entary  te a c h e rs?
3. Does taking a  mathematics methods course  result in a  
significant ch an g e  in the a ttitudes toward m athem atics of 
p reserv ice  secondary  m athem atics tea ch e rs?
4. Does taking a  mathematics m ethods course  result in a  
significant ch an g e  in the meaningful knowledge of mathematical 
content of preservice  elem entary tea ch e rs?
5. Does taking a  mathematics methods course  result in a  
significant ch an g e  in the meaningful knowledge of mathematical
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content of p reserv ice  secondary  m athem atics te a c h e rs?
6. How will preservice teachers ' beliefs toward the u se  of 
manipulatives, the  use  of technological aids, and cooperative 
learning change  a s  a  result of a  mathem atics m ethods cou rse?
R esearch  Hypotheses
1. The meaningful knowledge of mathematical content of 
p reserv ice  e lem en tary  tea ch e rs  will differ significantly from 
that of preservice secondary  m athem atics teachers  upon 
enrollment in their respective m athem atics m ethods course .
2. Completion of a  m athematics m ethods course  will 
significantly ch an g e  the attitudes of p reserv ice  e lem entary  
te a c h e r s  toward m athem atics.
3. Completion of a  m athematics m ethods course  will 
significantly ch an g e  the  attitudes of preservice  secondary  
m athem atics  te a c h e rs  toward m athem atics .
4. Completion of a  mathematics m ethods course will result in a  
significant ch an g e  in the meaningful knowledge of mathematical
1 3
conten t of preservice e lem entary  teache rs .
5. Completion of a  m athem atics methods course  will result in a  
significant ch an ge  in the  meaningful knowledge of mathematical 
content of preservice secondary  m athem atics teachers .
Chapter 2
Literature Review
The literature review includes sections relating to: (a)
attitudes toward m athem atics , (b) m athem atical con ten t 
knowledge, (c) the use  of manipulatives in m athem atics 
education, (d) the  use  of technological aids in m athem atics 
education, (e) cooperative learning, (f) teacher beliefs, and (g) 
teacher preparation. The chapter concludes with a  sum m ary of 
th ese  a re a s  a s  they relate to the present study.
Attitudes Toward M athem atics
According to the National Council of T eachers  of 
Mathematics (1989), the study of m athem atics h a s  becom e 
extremely important in today 's society. NCTM further s ta ted  that 
individuals who avoid m athem atics a re  often severe ly  limited 
with regard to c a ree r  choice or college major. Even training in 
vocational-technical fields may be c losed  to th e s e  individuals.
Num erous stud ies have considered  the effects of attitudes 
toward m athem atics and m athem atics anxiety on various a sp e c ts  
of teaching and  learning (Harvin, 1982; Taylor & Brooks, 1986;
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Kelly & Tomhave, 1985; Meyer, 1980; Tishler, 1980; Wood, 1988). 
Prior to discussing th ese  studies it is important to note that a  
negative attitude toward m athem atics and  a  m athem atics anxiety 
a re  not synonymous. Sandm an (1980) considered anxiety toward 
m athem atics a s  one of six su bsca les  on his Mathematics Attitude 
Inventory. Wood (1988) contended that m athem atics anxiety is 
extremely difficult to define and even  more difficult to m easure . 
His work indicated that separating the construct of math anxiety 
from tes t  anxiety and general anxiety may not be possible.
Further, he s ta ted  that more work must be done to determine the 
relationship be tw een  m athem atics anxiety and  m athem atical 
a ttitudes. Throughout this review the term s mathem atical 
anxiety and attitudes toward m athem atics will be used  a s  each  
individual study used  them.
Misconceptions about the nature and importance of 
m athem atics, combined with an anxiety toward the subject, often 
block effective learning in this a re a  (Paulos, 1988). Overcrowded 
schools and incom petent teachers  can  exacerba te  th e se  attitudes 
and  anxieties about mathem atics (Harvin, 1982; Taylor & Brooks, 
1986).
Avoidance of mathematics h a s  becom e comm onplace 
(Paulos, 1988). Som e experts feel that math avoidance and math 
anxiety are fostered by the nature of m athem atics education that
1 6
our children receive (Kelly & Tomhave, 1985). The em phasis  on 
correct answ ers, the p ressu re  of timed tests , an am biguous 
vocabulary, and  difficult word problems, c rea te  an a tm osphere  in 
which math anxiety develops and flourishes (Kelly & Tomhave,
1985).
In order to com bat the proliferation of math anxiety and/or 
avoidance, many leaders in the field of m athem atics education 
ag ree  that the focus of m athem atics education n e ed s  to be 
changed. The curriculum must move away from its current 
preoccupation with computational skills and rote activities and 
em phasize  mathematical insight, reasoning, problem solving, and 
experiences which make s e n se  of the connections between 
m athem atics and the world in which students live (NCTM, 1989).
The m ost important contributor to the attitude which 
elem entary  s tu d en ts  develop towards m athem atics is the 
attitudes of their teach e rs  tow ards this discipline (Meyer, 1980).
As early a s  1964, Banks identified the attitude of the teacher 
towards m athem atics a s  the  single most significant factor 
contributing to studen t attitude, beating out parental attitude, 
repeated  failure, and  attitude of p eers  (Meyer, 1980).
Tishler (1980) contended  that math anxiety is both 
contagious and  debilitating. He further s ta ted  that som e  teachers  
are  carriers of this syndrome. Kelly and Tomhave (1986) found
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that e lem entary  education majors exhibited a  higher deg ree  of 
m athematical anxiety than most other groups. The only category 
of s tuden ts  who were more math anxious were a  self-selected 
group that had enrolled in a  math anxiety workshop.
On the positive side, o ther studies indicated that the 
attitudes of preservice elementary teachers  can  be improved by a 
m athem atics methods course  (Sovchik, Meconi, & Steiner, 1981). 
Battista (1986) found that preservice tea ch e rs  who initially had  
an above average  level of mathematics anxiety experienced a 
significant d e c rea se  in the level of that anxiety during a 
m athem atics m ethods course .
S tudies also indicated that the attitude of s tuden ts  tow ards 
m athem atics can be improved (Pedersen , Bleyer, & Elmore, 1985).
A plethora  of s tudies indicated that s tuden ts ' newly-improved 
attitude tow ards m athem atics  correlated positively with an 
improved level of perform ance (McGlone, 1985; Mukherjee, 1978; 
P edersen  e t  al., 1985; McDaniel, Davis, & Browning, 1990).
Fem ales  and minorities have been particularly prone to the 
developm ent of poor attitudes toward m athem atics and 
consequently  often perform at a  lower level (Pedersen  et al.,
1985; Taylor & Brooks, 1986). Fairness and equity, however, 
n ecess i ta te  that educa tors  adopt the philosophy that all s tuden ts  
are  capab le  of learning and that any attem pt to lower s tandards
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or eliminate requirements b e ca u se  of the  race, gender, or 
socioeconom ic s ta tu s  of the s tudent is misguided (Adler, 1984). 
The importance of fem ales attaining confidence in their 
m athem atical abilities is particularly important in light of the 
high percen tage  of elementary teach e rs  who a re  female. If these  
fem ale preserv ice  teach ers  can  attain confidence in their own 
m athem atical abilities, they will have an opportunity to provide 
the positive role models that all s tuden ts  need, including young 
fem ale  s tu den ts .
Mathematical Content Knowledge
The mathematical content knowledge p o sse s se d  by a  
teache r  is ano ther important com ponent to their su c c e s s  in 
teaching e lem entary  m athem atics (Isenberg & Altizer-Tuning, 
1984). Similarly, it is critical that secondary  m athem atics 
teach e rs  have  strong mathematical knowledge to be  successful 
(Kerr & Lester, 1982).
Brodbelt (1984) found that many elementary teach e rs  were 
poorly trained in mathematics. Gibney, Ginther, and Pigge (1988) 
found that e lem entary teachers  graduating in the  1980s were 
w eaker mathematically than those  of the 1970s. Book and 
Freem an (1984) found that elementary preservice teach e rs  had a  
w eaker mathem atical background than preservice secondary
m athem atics majors. Tirosh and G raeber (1989) contended that 
preserv ice  e lem entary teach e rs  relied too heavily on procedural 
knowledge which w as often not connected  to conceptual 
know ledge.
Ball and Wilson (1990) found that m athem atics majors had 
not been  exposed to enough alternative teaching methods to be 
capab le  of teaching m athem atics with an em phasis  on meaning. 
Ball (1990) found that preservice secondary  m athem atics 
te a c h e rs  lacked sufficient mathematical understanding to teach  
th e  su b jec t  effectively.
M a a i p u la t ive s
"Manipulative materials are  objects that appea l to many 
se n s e s  and  that can be touched, moved about, rearranged, and 
otherwise handled by children.... They can be objects from the 
environment, such a s  money or measuring instruments, or 
m ateria ls specifically designed  to teach  m athem atical concep ts , 
such a s  base-ten blocks and  balances" (Kennedy, 1986, p. 6).
The National Council of Teachers of Mathematics contended 
that every classroom  should be equipped with manipulatives, 
including geoboards, pattern blocks, tiles, calculators, and 
num erous other hands-on materials (NCTM, 1989). Use of 
manipulative materials helps students take advan tage  of an often
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w asted  resource, the physical experiences that they have had 
outside the  classroom  (Simon, 1989).
A plethora of studies support the use  of manipulatives a s  a  
m ean s  of effectively teaching m athem atics to e lem entary  school 
children (Balka, 1983). Kennedy (1986) concluded that the use  of 
appropria te  manipulatives e n h a n c e s  learning, g e n e ra te s  interest, 
and  prom otes computational a s  well a s  problem-solving skills. 
Simon (1989) s tre sse d  the importance of using manipulatives a s  
a  m eans  of incorporating the s tuden ts ' own intuitive 
understanding a s  a foundation upon which mathematical 
knowledge and structure can be better understood.
Baroody (1989) warned that although much evidence exists 
which supports  the  use  of manipulatives, te a ch e rs  must realize 
that their u se  is neither necessa ry  nor sufficient to gu a ran tee  
mathematical learning on the part of students. He contended that 
uninformed or inappropriate u se  of manipulatives will often lead 
to poor results. Further, Baroody felt that in som e c a s e s  pictures 
or video displays might be  more effective learning tools for 
s tuden ts  than the manipulation of concrete  objects.
The appropria teness  of using manipulatives at the 
secondary  level has  also genera ted  much interest. Moser (1986) 
con tended  that those  who denigrate the use  of manipulatives at 
the middle school or secondary level do so b a sed  on a  definition
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of manipulatives which is too narrow. The developm ent of 
complex learning materials which can be used in teaching three- 
dimensional geometry, a s  well a s  the  importance of coins, cards, 
and  dice in the  teaching of probability provide further support for 
his argum ents .
Simply placing manipulative materials in a  c lassroom , 
however, d o es  not predicate their use. Trueblood (1986) felt that 
prospective teachers  must be taught how to plan and  m anage  the 
u se  of manipulatives in their classroom. He found that when such 
training w as included in m athem atics m ethods courses , teach e rs  
u sed  these  m ethods in their student-teaching experience in a  
m anner similar to which they had been taught. However, Bush 
(1988) found that many teachers  who have both a c c e ss  to a s  well 
a s  knowledge of manipulative m aterials still fail to incorporate 
them  regularly into their teaching. Hollingsworth (1990) 
a d d re ssed  the issue of preservice a s  well a s  inservice teach e rs  
not using manipulatives in their c lassroom  despite having been 
trained to do so. S he  contended that improvement in this a rea  is 
predicated on the  integration of manipulatives into the 
m athem atics m ethods c lassroom  rather than their relegation to 
out of c lass  projects.
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Technological Aids
Technological advancem ents  over the past two d e c a d e s  have 
vastly changed  the feasibility of using calculators and  com puters  
in the  teaching of m athem atics including arithmetic. The 
National Council of T eachers  of Mathematics lent its support to 
the  use  of technological aids in the teaching of m athematics. In 
their position s ta tem ent on the use  of calculators, the NCTM 
recom m ended  their integration into school m athem atics program s 
at all levels. They encouraged calculator use  during c lass, on 
homework, and for evaluation of learning (NCTM, 1991).
Hem bree and D essart (1986) d iscussed  a  m eta-analysis 
which included 79 s tud ies  concerning the  effects of calculator 
u se  in m athem atics instruction. They concluded that calculator 
u se  tog e th er  with traditional instruction did not detrimentally 
affect the  paper-and-pencil skills of students . They went on to 
say  that students who use  calculators have a  better attitude 
toward m athem atics a s  well a s  a  better self-concept of their 
own m athem atica l abilities.
Lochhead (1988) exam ined num erous studies which detailed 
the  effects of calculators and com puters on mathematical 
learning. He concluded that computer u se  did not seem  to hinder 
the  a ttainm ent of traditional objectives, while in som e c a s e s  
g rea ter  conceptual knowledge seem ed  to have been fostered.
23
Brady (1991) contended that it is important to ed uca te  s tudents
in the u se  of calculators and computers, a s  th ese  are tools that
they will be  required to u se  upon entering the job market. She 
found that s tudents in geometry and algebra c la sse s  not only 
enjoyed working with technological aids, but felt that the use  of 
technology enhanced  their knowledge of the course  material.
Marshall (1990) advocated employing com puters a s  a  m eans 
of revamping the  traditional m athem atics curriculum. She felt 
that to accomplish this goal com puters must be used  for more 
than just a  m ean s  of providing drill work. Calculators can help 
tea ch e rs  b ecom e facilitators of knowledge in a  problem-solving 
environment rather than d ispensers  of knowledge (Demana & 
Waits, 1989). Waits and D em ana (1989) advocated  the use  of
com puters or graphing calculators in pre-calculus and  a lgebra
c la sses .  They felt that the  appropriate implementation of th ese  
tools provided studen ts  with a  better understanding of functions 
and more depth to the geometric meaning of algebraic solutions.
Dockweiler (1989) studied the use  of the Explorer 
Calculator in g rades three through six. He found that students 
regularly using this aid w ere  not hindered in their acquisition of 
basic  m athem atical skills. Starkey (1989) con tended  that 
calculators have an important place, even in the first grade, a s  a 
teaching tool. She felt that not only do es  the use  of calculators
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enhance  the learning of th ese  young students, it also instills in 
them a  positive attitude. Bitter and Hatfield (1991) reported 
extremely positive results of calculator use. They found that the 
students who had learned using calculators scored  better on the 
Iowa Test of Basic Skills. Further, the attitude of th e se  students 
toward their own m athem atical abilities improved.
Schultz, Morrison, and Pruett (1989) carried out a  survey of 
secondary  m athem atics teachers . They found that teach e rs  felt 
that they did not have enough computer hardware available to 
them. Fifty-eight percent reported that they did not have a  
com puter in their classroom. Further, teachers  ex p re ssed  a  
concern  over the  availability of software which w as  correlated  to 
what they were teaching. With regard to the type of software 
being used, the survey found that 76% of the teache rs  u se  drill 
and  practice programs, 58% use  gam es, 56% use  tutorials, 49% 
u se  problem-solving software, 24% use  simulations, 11% use  
programming software, and 11% use  som e other type of software. 
Improvement in s tudent motivation topped the list of teacher-  
perceived adv an tag es  of computer use , followed by the ability to 
provide a  review of skills through drill and  practice.
Becker (1990) warned that simply providing com puters in 
the  learning environment w as not sufficient to insure improved 
achievem ent. He found that only negligible differences existed
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betw een studen ts  who took a  traditional math c lass  and those  
using computer software regularly. He concluded that in order for 
technology to be  truly beneficial, te a ch e rs  must modify their 
ideas concerning pedagogy to allow com puters to en h an ce  the 
cu rr icu lum .
Cooperative Learning
"Cooperative learning is an approach that involves a  small 
group of learners working together a s  a  team  to solve a  problem, 
com plete  a  task, or accomplish a  common goal" (Artzt & Newman, 
1990, p. 6). Sutton (1992) contended that the use  of cooperative 
learning s tra teg ies  ex tended  the mathem atical learning of the 
s tud en ts  in her secondary  m athem atics c la sses .  Further, it 
helped students  acquire the ability to work together, a  skill that 
will be important to them a s  they en ter the job market.
Testimony concerning the  efficacy of cooperative learning at the 
primary grades cam e from Rosenbaum, Behounek, Brown, and 
Burcalow (1989). They particularly s tre sse d  that the  use  of 
cooperative learning helps students to overcom e the 
computational obstac les  inherent in problem-solving. They also 
reported that cooperative learning fosters in s tuden ts  the  value 
of working together. Duren and Cherrington (1992) found that 
s tu d en ts  who participated in cooperative problem-solving groups
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re ta ined  problem-solving s tra teg ies  be tter  than  s tu d en ts  who 
worked alone. They felt som e of the rea so n s  for this w ere  that 
s tuden ts  in cooperative groups: (a) displayed more pers is tence  in 
problem-solving, (b) com m unicated the s tra teg ies  they  w ere 
using during the solution process, and  (c) varied their ap p roaches  
to problem-solving more readily. Yackel, Cobb, and Wood (1991) 
argued  that the use  of cooperative learning groups a t  the second  
g rad e  level provides children with learning opportunities that 
would not exist in the traditional c lassroom  setting.
Slavin (1988) qualified his support of cooperative learning 
by stating that this strategy will not be efficacious un less  both a  
group goal a s  well a s  individual accountability a re  present.
Slavin further s ta ted  that even flawed cooperative  learning 
techn iques  which did not produce higher student achievem ent 
were  valuable due  to the improvement of students ' self e s tee m  a s  
well a s  their ability to work with others. Slavin (1991) using 
da ta  ga thered  by S tevens, found that even the highest achieving 
s tu d en ts  benefitted from cooperative learning experiences when 
com pared  to similar students in the control group. Davidson and 
Kroll (1991) found that the research  regarding cooperative 
learning in m athem atics d o e s  not conclusively determ ine w hether 
cooperative  models with group rewards a re  more effective than 
those  which do not use  group rewards. They went on to contend
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that the nature of the mathematical task a s  well a s  the type of 
m aterials u sed  could play a  role in the efficacy of cooperative 
learning in m athem atics.
Johnson  and Johnson  (1987) contended that despite  the 
efficacy of cooperative  learning, teach e rs  a re  reluctant to 
implement it in the classroom . A possible reason  for this lack of 
implementation could be teach e rs ' com petence  to incorporate 
such s tra teg ies  into their repertoire. Noddings (1989) con tended  
that for te a ch e rs  to be effective in using cooperative learning 
s tra teg ie s  their training should include working in small groups 
them selves. According to Noddings, the reasons  for this a re  
threefold: (a) to learn about cooperative learning through first­
hand experience, (b) to get a  wider view of different app roaches 
to solving a  problem, and  (c) to gain a  better understanding of the 
role of teach e rs  in cooperative learning. Swineford and Holtan 
(1991) s ta ted  that te a ch e rs  often fail to incorporate new 
s tra teg ies  like cooperative learning b e ca u se  they feel that doing 
so  will be more time consuming. Further, teach e rs  often feel that 
th ese  s tra teg ies  are inflexible and  must be implemented exactly 
a s  they were taught.
T eacher  Beliefs
O'Laughlin (1990) found that preservice teach ers  hold
28
strong beliefs concerning knowing, learning, and  teaching, which 
typically lead them to favor didactic ap p ro aches  with the tea ch e r  
serving a s  transmitter of knowledge. Such beliefs, he contended, 
rep resen t a  major obstacle  in efforts to reform educational 
practices. Wilson (1990) found that s tudents enrolled in an 
introduction to education course  believed that teaching is 
exposition and  learning is absorption. T hese  s tudents considered 
the use  of alternative teaching pedagogies a s  a  m eans of making 
learning pa la tab le  without effecting the fundam ental assum ption  
of the teache r  a s  provider of knowledge.
Ball and  Wilson (1990) found that s tuden ts  entering 
preservice  program s felt tha t showing and telling s tuden ts  how 
to do m athem atics was the most effective m eans  of teaching this 
subject. Thompson (1984) contended that teachers ' beliefs a re  an 
important factor in the selection of the instructional p ractices 
that they employ. Wilcox, Schram, Lappan, and Lanier (1991) 
provided evidence  that the nature of preservice tea ch e r  education 
can have an effect on the belief system s of prospective teach e rs  
with regard to the nature of mathem atics a s  well a s  the nature of 
m athem atics education. Their study show ed that fostering a 
community of learners and encouraging active engagem en t in 
m athem atical activities in a  non-threatening environm ent helped 
preservice teach e rs  gain confidence in their own ability to solve
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problems. Further, it helped them understand the value of varied 
solutions a s  well a s  the importance of m athematical d iscourse  in 
the  problem-solving p rocess .
Book and  Freem an (1984) found that the educational beliefs 
of preservice elementary teach e rs  and preservice secondary  
teach ers  w ere  quite similar. The one  major difference they found 
between th e se  groups w as that secondary  majors s t re ssed  the 
importance of subject m atter while e lem entary  majors 
considered  their orientation to s tuden ts  a s  tantam ount. Cronin- 
Jo n e s  & Shaw  (1992) interviewed preservice e lem entary and 
secondary  sc ience  teachers. They found that secondary  majors 
tended to have a  more complex belief system than elementary 
majors. Beliefs about skill development, a sse ssm e n t ,  and subject 
concern were held only by secondary  majors. They concluded that 
in order to be  successful, a  m ethods course should begin with an 
investigation of the  beliefs of the preservice tea ch e rs  enrolled in 
it.
T eacher Preparation
Recently, much em phasis  has  been  placed on reforming 
teacher  education to facilitate a  corresponding ch an g e  in 
m athem atics instruction in our schools. Cooney (1988) contended 
that it is essen tia l for teach ers  to be provided with experiences
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that allow them to construct the sa m e  m athem atics tha t they 
will be teaching. Simon and Schifter (1991) found that 
m athem atics education interventions can  affect the  pedagog ies  
employed by m athem atics teachers . Central to their program w as 
the belief that teache rs ' m athematical learning should be 
considered in the sa m e  m anner a s  students ' mathematical 
learning. Their program em phasized  the importance of conceptual 
understanding and problem solving. T eachers  who participated in 
this study becam e  more likely: (a) to integrate the teaching 
stra teg ies that they had learned into their own classroom s, (b) to 
listen more to the ideas and understandings of their s tudents, (c) 
to be aw are of the importance of keeping their s tuden ts  active 
and  responsible in their mathematical learning, and  (d) to be at 
e a s e  with m athem atics and enjoy it more.
Conclusion
This literature review has uncovered a  num ber of problems 
which face teach e rs  of m athematics m ethods co u rses  a s  they 
attem pt to prepare  preservice teachers . T hese  problem s include: 
(a) the disparity betw een the efficacy of using manipulatives, 
technological aids, and  cooperative learning in the  teaching of 
m athem atics and  the beliefs which preservice tea ch e rs  hold 
concerning the nature of teaching mathematics; (b) the
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preponderance  of poor attitudes toward m athem atics of 
preservice e lem entary  teachers; and  (c) the lack of conceptual 
knowledge concerning m athem atics which pe rv ad es  both 
e lem entary  preserv ice  teach e rs  and  preservice secondary  
m athem atics  te a ch e rs .
Fortunately, however, this review also found evidence that 
inroads can  be  m ade regarding each  of these  problems. The 
p resen t study attem pted to add to this body of knowledge by 
investigating the  effects of m athem atics m ethods c o u rses  on the 
m athem atical knowledge, a ttitudes toward m athem atics , and  
pedagogical beliefs of preservice elem entary tea ch e rs  and 
p reserv ice  seco ndary  m athem atics teachers .
Chapter 3
Methodology
This study considered the  effects of m athem atics m ethods 
c o u rses  on preservice  elementary teach e rs  and  preservice  
secondary  m athem atics teachers . The six research  questions in 
this study w ere  developed with the  intention of informing 
educational practice based  on the varied effects of a  
m athem atics m ethods course. Howe and Eisenhart (1990) 
con tended  that the selection of an appropriate methodology for 
d a ta  collection and  analysis should be driven by the nature of the 
research  question. With this criterion in mind, the resea rcher  
determ ined tha t  research  questions 1 through 5, which involve 
meaningful knowledge of mathem atical content and  attitudes 
toward m athem atics, could be studied quantitatively. The nature 
of research  question 6, concerning how preservice teach ers ' 
beliefs changed , led the research  to consider this question 
q u a l i ta t iv e ly .
Glesne and Peshkin (1992) stated, "Rather than argue about 
which paradigm or methods are better, we... s e e  virtue in a  
variety of approaches. Different approaches allow us to know and
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understand different things about the world" (p. 9). Howe and 
Eisenhart (1990) s ta ted  that educational research  should be 
judged on the worth of the conclusions that can  be drawn from it 
rather than the strict adherence  to a  methodological convention. 
The inclusion of both qualitative and  quantitative methodologies 
within this study allowed the  resea rch e r  to investigate  different 
a sp ec ts  of m athem atics m ethods co urses  and  to provide a  fuller 
picture of the effects of such cou rses  than either m ethod alone 
could have provided. Further, the use  of both methodologies w as 
deem ed  appropriate becau se  it provided information upon which 
conclusions could be  based  concerning the diverse yet important 
effects of a  m athem atics m ethods course.
Subjects
The p resen t study included 47 preservice teach e rs  at the 
University of Nevada, Las Vegas, an urban university of 
approximately 20,000 students. All of the 19 preservice teache rs  
enrolled in secondary  m athem atics methods ag reed  to participate 
in this study, a s  did 28 preservice elementary teach e rs  enrolled 
in elementary m athematics methods. A copy of the consen t to 
participate form can be found in Appendix III. The study took 
place during the fall sem este r  of 1992. Approval for the research 
to be done in this study was granted by the Human Subjects
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Committee in August 1992.
Twenty-five of the preserv ice  e lem entary  tea ch e rs  w ere  
female and  3 were male. Nine of the preservice secondary 
mathem atics teachers  were female and 10 were male. The 
median a g e  of the elementary group was 28. The median age of 
the secondary  group w as 29. Table 1 contains additional 
information concerning the a g e s  of the respondents. This 
information indicates that many of the s tu d en ts  who participated 
in this study w ere non-traditional college students . The num ber 
of responden ts  that considered their pursuits in education to be a  
c a ree r  ch an ge  corroborated their non-traditional s ta tus . Eleven 
secondary majors considered teaching a  c a ree r  change, 7 
considered  it a  first career. Twelve elem entary majors 
considered teaching a caree r  change, 16 considered it a  first 
c a re e r .
At the beginning of the sem ester, 6 secondary  majors 
reported concurrent enrollment in mathem atical con ten t cou rses ,  
4 reported taking 1, 8 reported taking 2, and 1 reported taking 3. 
Although som e of these  co u rses  were subsequently  dropped during 
the sem es te r ,  the effects of th ese  mathematical content cou rses  
on the meaningful knowledge of mathematical content, a s  well a s  
the m athematical attitudes of th ese  students, rep resen ts  a 
potentially confounding variable to this study. None of the 28
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Table 1
Ages of Respondents
Age Secondary (N=19) Elementary (M=28)
20 - 24 7 11
25 - 29 3 5
30 - 34 2 3
35 - 39 2 5
40 - 44 4 2
45 - 49 0 2
50 - 54 1 0
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elem entary  majors took any mathematical con ten t co u rses  during 
the se m es te r  in which this study took place.
In s t ru m e n ta t io n
Attitudes toward m athem atics were m ea su re d  using Aiken's 
Revised Mathematics Attitude Scale  (Aiken, 1963, s e e  Appendix 
I). This instrument consists  of 20 questions which were 
answ ered  on a  5-anchor likert scale. Scores  were attained by 
awarding 0 , 1 , 2 ,  3, or 4 points for each item based  on the level of 
the response . Negatively s ta ted  items were reversed  so that 
higher sc o re s  indicated a  more positive attitude toward 
m athem atics than lower scores . Possible sco res  on this scale  
ranged from a  low of 0 to a  high of 80.
Meaningful knowledge of mathematical content w as 
m easured  by a  test which included 25 of the 50 items on the 
Essential E lem ents of Elementary School M athem atics Test 
developed by M. A. White (1986). White's tes t  was devised to 
m easu re  conceptual and intuitive understanding of m athem atics. 
Items were c rea ted  which require more than simply applying 
algorithmic p rocedu res  or memorizing facts to attain correct 
answ ers. The 25 multiple-choice questions (see  Appendix II) 
se lec ted  for the adap ted  version of this tes t  covered  a wide 
variety of mathematical topics including: p lace  value, percent,
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fractions, multiplication, division, estim ation, a re a ,  perim eter, 
geom etry, num ber lines, m easurem ent, probability, and  statistics. 
(Note that question #1 of the tes t  shown in Appendix II w as 
deleted  due to a  typographical error in the  choices listed.) The 
content covered  by this test w as at approximately the sixth g rade  
level. The validity of this te s t  was based  on a  qualitative 
appraisal m ade by two experts in the field of m athem atics 
education. Cronbach 's Alpha provided a  reliability estim ate  of .86 
for this instrument.
D ata  Collection
The da ta  collection for this study took place during the  Fall 
s e m es te r  of 1992. Aiken's Revised Mathematics Attitude Sca le  
(Aiken, 1963) w as administered during the  first week of c la s s e s  
and again during the last week of c lasses . T h ese  administrations 
took place during class. R espondents were given a s  much time as  
they needed  to complete this scale.
The revised version of the Essential Elements of Elementary 
School Mathematics Test (White, 1986) w as  administered during 
the first two weeks of c la sse s  and again during the last three  
w eeks of c la sses .  Each administration of this te s t  took place 
during c lass  in the secondary  m athematics m ethods course. 
Elementary majors were administered the te s t  outside of c la ss
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by the researcher at times determined by the respondent. No time 
limit for the  completion of this tes t  w as im posed on either the 
secondary  or the elementary respondents.
The researcher  w as  the instructor of the  secondary  
m athem atics m ethods course  and  observed the elementary 
m ethods course  regularly. Extensive field notes were kept for all 
of th e se  experiences. T hese  notes described: (a) the types of 
activities which took place, (b) the nature of the interactions 
betw een professor and  students , (c) the  nature of interactions 
am ong students , and (d) the researcher 's  perception of the 
a ttitudes of the  s tuden ts  toward their c lassroom  experiences.
During the first three  c la ss  m eetings each  participant w as 
asked  to write for eight minutes in resp onse  to three questions. 
The re sea rch e r  instructed them  to write b a sed  on their current 
beliefs concerning each  question. The question w as read aloud 
and each  respondent w as provided with lined paper with that 
question printed at the top. Respondents answ ered  one question 
each  c la ss  in the order listed below.
1. W hat a re  your beliefs concerning the use  of manipulatives in 
the teaching of m athem atics?
2. W hat a re  your beliefs concerning the use  of technological aids 
(calculators, computers, etc.) in the teaching of m athem atics?
3. W hat a re  your beliefs concerning the use  of cooperative
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learning in the teaching of m athem atics?
The resea rch e r  conducted  interviews of all 47 participants 
during the last three w eeks of the sem es te r .  Interview times 
were se t  a t the convenience of the respondent. Each of these  
th irteen-question interviews (see  Appendix IV) w as tape- 
recorded and  transcribed.
During this interview each  respondent w as ask ed  questions 
about their beliefs concerning the use  of manipulatives, 
technological aids, and cooperative learning in the  teaching of 
m athem atics. The order of the questions allowed responden ts  
first to an sw er the question concerning their current beliefs, 
then read the answ er that they had written at the beginning of the 
se m es te r  to the sam e  question, and to describe the ch an g es  that 
had occurred in their beliefs since that time. This alternating 
approach w as used for questions 1-6. R espondents were also 
asked  to discuss the ways in which th ese  pedagogies had been 
used  by their teach e rs  during their own educational experiences 
and how their m ethods course  would effect their use  of th e se  
pedagogies .
Data Analysis
An independent groups t test w as used  for research  question 
1 and  correlated groups t tes ts  were used  for questions 2 through
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5. In addition descriptive statistics from the item analysis of 
the  content tes t  were used  to inform the nature of the 
d ifferences of content knowledge betw een  preservice  elem entary  
tea ch e rs  and preservice secondary  m athem atics teach e rs  a s  well 
a s  the differences from pre test to posttest.
The three writings and  the transcribed  interviews w ere 
analyzed  qualitatively in order to answ er research  question 6. 
O pen coding (S trauss & Corbin, 1990) w as employed to identify 
con cep ts  within the qualitative data . Axial coding (S trauss  & 
Corbin, 1990) w as then employed until appropriate connections 
within the data  w ere  established. The d a ta  analysis p rocess  
culminated in a  conceptual framework (Glesne & Peshkin, 1992) 
which led to the developm ent of working hypotheses (Glesne & 
Peshkin, 1992). The researcher  attem pted to create  a  qualitative 
report which "judiciously and  effectively p resen ts  the  most 
compelling evidence" (Yin, 1989, p. 149).
The Secondary Mathematics Methods Course
Nineteen s tuden ts  were enrolled in the secondary  
m athem atics m ethods course  referred to in this study. This 
course  carried three se m es te r  hours of credit and met for two 
75-minute se ss io n s  throughout its fifteen-week duration. The 
resea rche r  acted a s  instructor for this course. The classroom
set-up  included 6 tab les with 3 to 4 s tudents sitting at each . The 
c lassroom  w as s tocked with a  variety of mathematical 
manipulative materials and  calculators. T h ese  materials w ere  
used  regularly in problem-solving situations. An in-class 
com puter w as used  for dem onstrations and  a  com puter laboratory 
w as  reserved  for two full c lass  meetings.
The philosophical underpinnings of this course  (ESE 416) are 
apparen t from the course  overview which w as a  part of the 
course  syllabus given to the students.
COURSE OVERVIEW: The nature of mathematics education in 
g rad es  K-12 will be  analyzed. Effective teaching 
techniques that are  consistent with the S t a n d a r d s  
recom mended by NCTM will be modeled by the instructor and 
practiced by the students . T hese  skills include effective 
questioning techniques, centering mathem atical learning 
around problems, and  actively involving s tuden ts  in learning 
mathematics. Students enrolled in ESE 416 will develop 
skills in planning mathem atics lessons  for s tuden ts  in 
g rades  7-12 that a re  consistent with NCTM's S t a n d a r d s , 
incorporating appropriate  use of manipulatives, technology, 
cooperative learning, and allowing studen ts  to construct 
m athem atics. Specifically the topical a re a s  of 
computation, a lgebra, geometry, trigonometry, calculus, 
probability, statistics, and  discrete  m athem atics will be 
explored. S tudents  will be p resen ted  instructional 
stra tegies to develop more formal understanding and skill 
with the concepts. A variety of models of teaching, 
c lassroom  m an ag em en t techniques, disciplinary procedures, 
motivational stra teg ies, and a s s e s s m e n t  techniques will be 
p resen ted  in order to ass is t  preservice teachers  in their
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initial teaching experiences. S tra teg ies to increase  and  
improve the involvement of girls and  minorities in 
m athem atics will be  d iscussed .
Throughout the course, students engaged  in cooperative 
group activities during c lass . T hese  learning activities 
encouraged  the use  of mathematical communication and helped 
s tud en ts  to develop a  better understanding of the diversity of 
a p p ro ach es  to any situation. T hese  activities usually involved 
one  or more of the following: (a) problem solving, (b) the use  of 
manipulatives, or (c) the use  of technology. Initially such 
activities w ere  introduced by the instructor a s  models of 
appropria te  lessons  that th ese  preservice teach e rs  could later 
incorporate into their own classroom s. The s tudents also  led 
such  lessons  in their most important assignm ent, a  c lass  
presentation. The description of this assignm ent a s  described  on 
the course  syllabus is included below:
CLASS PRESENTATION: Each student will be given the 
opportunity to p resen t a  lesson to their peers. The 
objective of th e se  c la ss  p resenta tions is to give s tuden ts  
experience in communicating mathematically and to 
practice being in a  'teaching situation' where they are  
explaining or constructing the learning environment for 
s tudents. S tudents should use  th ese  presentations to put 
into practice the theories of m athem atics education 
advocated by the S ta n d a rd s  and d iscussed  in this course.
4 3
Most of the p resentations, w hether initiated by the 
instructor or by a  student, were followed by a  c lass  discussion. 
The purpose  of th ese  discussions w as to reflect on the lesson, 
considering the pedagog ies involved a s  well a s  the 
appropria teness  and usefu lness of the lesson. Thus, s tudents had 
the  opportunity to consider the value of a  variety of different 
types of lessons, most of which were consisten t with the  NCTM's 
S ta n d a rd s  (1989).
The Elementary Mathematics Methods Course
The elem entary  majors participating in this study were 
enrolled in one of two sections of an elem entary m athem atics 
m ethods course. This course  carried three  sem es te r  hours of 
credit and  met for two 75-minute se s s io n s  throughout its fifteen 
w eek  duration. One section included 29 students, 19 of whom 
ag reed  to participate in the study; the other section included 22 
s tuden ts , 9 of whom agreed  to participate. O ne instructor taught 
both sections of this course. The researcher w as not involved in 
the teaching of this course, but observed on a  regular basis 
throughout the  sem es te r .
The classroom  set-up included 6 tab les with 3 to 6 students 
sitting a t  each . The classroom  was stocked with a  variety of 
m athem atical manipulative materials, a s  well a s  a  variety of
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calculators. An Apple lie computer w as also available.
The instructor c rea ted  an open classroom  a tm osphere  in 
which student questions were encouraged and valued. The course  
s t re s se d  the  importance of instilling in children a  conceptual 
understanding of mathematics. S tudents en g ag ed  in hands-on, 
cooperative  group activities during alm ost every c lass  sess ion . 
Activities involving the  u se  of calculators w ere  also facilitated 
by the instructor. T h ese  lessons were usually cooperative in 
nature and  em phasized ways in which calculators can be u sed  to 
enh an ce  the learning process . All of the lessons  described above 
provided pedagogically appropriate modeling of the types of 
lessons  recom m ended by the National Council of T eachers  of 
M athematics. Further, th e se  lessons covered content that th e se  
tea ch e rs  will som eday  be  responsible for teaching in their own 
c la s s ro o m s .
Limitations of the Study
1. The relatively small sam ple size, particularly with 
resp ec t  to the preservice secondary  m athem atics teachers , could 
limit the  quantitative a sp e c ts  of this study.
2. The voluntary nature of participation in this study could 
skew  the  d a ta  and limit generalizability to the entire population. 
Twenty-eight of the 51 preservice elem entary teach e rs  a sk ed  to
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participate in this study ag reed  to do so, making this problem 
particularly acu te  within this group.
3. The researcher 's  role a s  instructor of the secondary  
m athem atics m ethods course  might encourage  normative 
re sp o n se s  on the part of so m e  participants, which could limit the 
validity of the qualitative a sp e c ts  of this study.
4. The non-traditional nature of many of the students in the 
sam ple  used  for this study could limit the validity of generalizing 
th e se  resu lts  to more traditional settings.
5. The high percentage of preservice secondary  
m athem atics teachers  who w ere  concurrently enrolled in 
m athem atical content c o u rse s  could limit the  findings concerning 
content knowledge and  attitude toward m athem atics of this 
group.
Chapter 4
R e su lts
The purpose of this study w as to consider the  effects of a  
m athem atics methods course  on the meaningful knowledge of 
m athem atical content, a ttitudes toward m athem atics , and 
pedagogical beliefs of preservice teachers. In this chap ter the 
results of the  statistical te s ts  performed on each  of the five 
quantitative hypotheses a re  d iscussed  a s  a re  the findings of the 
qualitative investigation. The use  of both quantitative and 
qualitative methodologies in this study w as  deliberate, in order 
to give a  more complete picture of the effects of a  m athem atics 
m ethods course.
R esearch  Question 1
Hypothesis: The meaningful knowledge of mathematical 
content of p reserv ice  e lem entary  tea ch e rs  will differ 
significantly from that of p reserv ice  secon dary  m athem atics 
te a ch e rs  upon enrollment in their respective m athem atics 
m ethods course.
An independent groups t tes t  w as performed comparing the
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sco res  on the revised version of the Essential Elements of 
Elementary School Mathematics Test (White, 1986) of the 
preservice secondary  m athem atics teachers  (mean = 20.8) and the 
preservice elementary teachers  (mean = 15.2). O ne preservice 
elem entary teach e r  w as eliminated from an a ly se s  involving the 
content tes t  due  to an invalid pretest. The difference in m eans 
w as found to be statistically significant, 1(44) = -6.56, p. < .001, 
which indicated that the p reserv ice  secondary  m athem atics 
teach e rs  p o s s e s se d  a  significantly higher d eg ree  of meaningful 
knowledge of mathematical content than the  preserv ice  
elementary teachers . Table 2 lists the percen tage  of respondents 
who answ ered  correctly by question on the p re test and posttest 
for each  group.
The item analysis show s that a  higher percen tage  of 
preservice  secondary  m athem atics teach e rs  an sw ered  correctly 
on each  of the 24 questions when compared to the preservice 
elementary teachers . The biggest differences betw een 
percen tage  of preservice e lem entary teache rs  and  preservice 
secondary  m athem atics teach e rs  who answ ered  correctly w as 
found on questions 12, 15, 20, 24, and 25. T hese questions 
involved long division, percent, m easurem ent, statistics, and 
probability, respectively .
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Table 2
Percent of R espondents  Answering Correctly on Revised Essential 
E lements of Elementary School Mathematics Test fbv Question)
Q uestion  Elementary (M = 27) Secondary (M = 19)
# P r e t e s t P o s t t e s t P r e t e s t P o s t
2 8 5 .2 96.3 94.7 9 4 .8
3 74.1 81.5 9 4 .7 10 0
4 4 4 .4 33.3 73 .7 7 9 .0
5 59 .3 70 .4 89.5 8 9 .5
6 8 8 .9 9 2 .6 94 .7 94 .7
7 85 .2 74.1 100 94 .7
8 96 .3 92 .6 100 1 0 0
9 3 3 .3 48 .2 79 .0 73 .7
1 0 51 .9 70 .4 9 4 .7 89 .5
1 1 3 7 .0 66 .7 42.1 63 .2
1 2 37 .0 29 .6 89 .5 6 8 .4
1 3 9 6 .3 92 .6 100 9 4 .7
1 4 7 7 .8 88 .9 89 .5 8 9 .5
1 5 4 4 .4 63 .0 84 .2 94 .7
16 8 8 .9 85 .2 100 94 .7
1 7 92 .6 96.3 100 9 4 .7
1 8 6 6 .7 92 .6 89 .5 84 .2
1 9 18 .5 14.8 42.1 5 2 .6
2 0 6 6 .7 81 .5 100 1 0 0
21 7 0 .4 92 .6 89 .5 1 0 0
2 2 5 9 .3 48 .2 79 .0 9 4 .7
2 3 9 2 .6 96.3 10 0 94 .7
2 4 4 0 .7 51.9 84 .2 6 8 .4
2 5 14 .8 29.6 68 .4 7 9 .0
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Research  Question 2
Hypothesis: Completion of a  m athem atics m ethods course  
will significantly ch an g e  the a tt i tudes of p reserv ice  e lem entary  
te a c h e rs  toward m athem atics.
Attitudes toward m athem atics w ere  m easu red  using Aiken's 
Revised Mathematics Attitude Scale  (Aiken, 1963). This 
instrument consisted  of 20 questions which were answ ered  on a  
5-anchor likert sca le  which ranged from strongly d isag ree  to 
strongly agree. Scores were attained by awarding 0, 1, 2, 3, or 4 
points for each item based  on the response . Scoring on negatively 
s ta ted  items w as reversed so that higher sco res  indicated a  more 
positive attitude toward m athem atics than lower sco res .
Possible sco res  on this scale ranged from a  low of 0 to a  high of 
80 .
A correlated groups t test w as  performed comparing the 
sco res  on the pretest of the Aiken's Revised Mathematics 
Attitude Scale (mean = 39.5) and the sco res  on the posttest of the 
Aiken's Revised Mathematics Attitude Scale (mean = 43.3) of the 
preservice elem entary teachers. This difference w as found to be 
statistically significant, 1(27) = -2.32, p. < .05. This result 
indicated that a t  the conclusion of the e lem entary  m athem atics 
m ethods course, the attitude toward m athem atics of preservice  
e lem entary  te a c h e rs  had  improved significantly from their
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attitude toward m athem atics at the beginning of the course .
R esearch  Question 3
Hypothesis: Completion of a  m athem atics m ethods course  
will significantly c h an g e  the a ttitudes of p reserv ice  secondary  
m athem atics  te a c h e rs  toward m athem atics .
A correlated groups t tes t  w as  performed comparing the 
sco res  on the pretest of the Aiken's Revised Mathematics 
Attitude Scale (mean = 64.1) and the sco res  on the posttest of the 
Aiken's Revised Mathematics Attitude Scale  (mean = 66.3) of the 
preserv ice  secondary  m athem atics teach ers .  This difference w as 
not found to be  statistically significant, 1(18) = -1.65, £  = .117. 
This result indicated that the attitude toward m athem atics of 
preservice secondary  m athem atics teach e rs  did not chang e  
significantly from the beginning of the  secondary  m athem atics 
m ethods course  to its conclusion.
R esearch  Question 4
Hypothesis: Completion of a  m athem atics m ethods course  
will result in a  significant change in the am ount of meaningful 
knowledge of mathem atical content of preservice  e lem entary  
t e a c h e r s .
A correlated groups t test w as performed comparing the
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sc o re s  on the pretest of the revised version of the Essential 
Elements of Elementary School Mathematics Test (mean = 15.2) 
and the sco res  on the posttest of the revised version of the 
Essential Elements of Elementary School Mathematics Test (mean 
= 16.9) of the preservice elementary teachers . This difference 
w as  found to be statistically significant, 1(26) = -4.1, n  < .001. 
This result indicated that the meaningful knowledge of 
m athem atical con ten t of preservice e lem entary  tea ch e rs  
increased  significantly from the beginning of the e lem entary 
m athem atics m ethods course  to its conclusion.
A review of the item analysis indicated that the pe rcen tage  
of p reserv ice  e lem entary  teache rs  who answ ered  correctly 
increased  on 16 of the 24 questions. Six of the 8 questions on 
which the percen tage  of elementary teache rs  who answ ered  
correctly decreased , show ed drops of less than 10%. Questions 4 
and 7 each showed a  d ec rease  of 11.1%. This d ecrease  indicated 
tha t 3 fewer subjects answ ered  each  of th e se  questions correctly 
a t  the end of the sem es te r  a s  compared to the beginning of the 
sem es te r . Twelve of the 16 questions on which the percen tage  of 
p reserv ice  elem entary teach e rs  who an sw ered  correctly 
increased, showed gains of more than 10%. The largest increases  
occurred on question 11 (29.7%), question 18 (25.9%), and 
question 21 (22.2%). T hese  questions involved division of
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fractions, a rea/perim eter, and  m easu rem en t,  respectively.
Despite the  significant improvement in the num ber of 
questions answ ered  correctly a t  the end of the  se m es te r  by 
preservice e lem entary teachers , less than half of this group 
answ ered  correctly on questions 4 (33.3%), 9 (48.2%), 12 (29.6%), 
19 (14.8%), 22 (48.2), and 25 (29.6), at the end  of the  sem ester. 
T h ese  q u es tions  involved fractions, multiplication of fractions, 
long division, geometry, circumference of a  circle, and 
probability, respectively. Question 24 on statistics w as 
answ ered  correctly by only 51.9%  of these  preservice elementary 
te a c h e rs .
Research Question 5
Hypothesis: Completion of a  m athematics m ethods course  
will result in a  significant ch ange  in the am ount of meaningful 
knowledge of mathematical content of preservice  secondary  
m athem atics  teach e rs .
A correlated groups t tes t  w as  performed comparing the 
sco res  on the pretest of the revised version of the Essential 
Elements of Elementary School Mathematics T est (mean = 20.8) 
and the sco res  on the posttest of the revised version of the 
Essential Elements of Elementary School Mathematics Test (mean 
= 20.9) of the preservice secondary  m athematics teachers . This
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difference w as not found to be  statistically significant, 1(18) = 
-0.24, p. = .81. This result indicated that the meaningful 
knowledge of m athematical of preservice secondary  m athem atics 
teach e rs  did not change  significantly from the beginning of the 
secondary  m athem atics m ethods course  to its conclusion.
The item analysis indicated that the ch ange  in the 
pe rcen tage  of preservice secondary  m athem atics teach e rs  who 
answ ered  correctly w as low for most of the questions.
Exceptions included question 11 which show ed an increase  of 
21.1%, question 12 which showed a  d ec rease  of 21.1%, question 
22 which showed an increase of 15.8%, and question 24 which 
show ed a  d ec rease  of 15.8%. T hese  questions involved division of 
fractions, long division, circum ference of a  circle, and  sta tistics 
re sp e c t iv e ly .
Research Question 6
Question: How will preservice teache rs ' beliefs toward the
use  of manipulatives, the use  of technological aids, and 
cooperative learning change a s  a  result of a  m athem atics m ethods 
c o u rs e ?
Initial Beliefs. Manipulatives, technology, and cooperative 
learning a re  all topics that preservice teach e rs  may have
54
encountered by the time they take a  m athem atics m ethods course. 
Although the knowledge b a se  in th ese  a re as  prior to the m ethods 
course  is not clear, the context of their introductions are, for the 
most part, positive. Consequently almost all of the preservice 
teache rs  m ade  positive rem arks concerning the importance and 
efficacy of th e se  techniques at the beginning of the  sem este r .
The rem ainder of this section will d iscuss  the  initial beliefs 
exp ressed  by preservice teache rs  concerning each  of these  a reas .
"Manipulatives" has been  a  buzzword in m athem atics 
education over the past two d ecad es . The nature of the initial 
beliefs of preservice  teach e rs  concerning m anipulatives is 
captured  by the following s ta tem en ts  m ade by preservice 
teache rs  a t  the  beginning of their respective m ethods course. 
Diane (pseudonym s have been  used  for all respondents throughout 
this study), a  secondary  major, s ta ted  that, "Manipulatives are  
very effective in helping to teach  mathem atics.... The information 
gained by a  discovery from manipulation is much more valuable 
and meaningful." Judy, an elem entary major, held similar views,
"I believe in the  use  of manipulatives in the teaching of 
m athem atics. I believe that hands-on experiences and  the ability 
to m anipulate objects increases the  retention and understanding 
of a  concept."
Similarly, cooperative learning is ano ther p h rase  that
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education majors have probably been  exposed  to during their 
college career. When ask ed  to write about cooperative learning at 
the  beginning of the course, the g rea t majority of responden ts  
wrote favorably on its u se  in mathem atics education. Donald, a  
secondary  major, wrote, "Using this technique [cooperative 
learning] is very beneficial in that s tuden ts  a re  usually active. 
They will be able to exchange ideas and work on problems a s  a 
group. They will be able to (hopefully) learn new ideas from other 
students." S teve, another secondary  major, wrote, "I believe that 
cooperative learning is a  g rea t way for s tuden ts  to discover 
th ings."
Elementary majors also touted the use  of cooperative 
learning. According to Karen, "Group cooperative learning activity 
allow fsic] an exchange of ideas and really foster growth of the 
s tudents [sic] knowledge base." Laura wrote, "The cooperative 
learning experience  c rea te s  a  warm-friendly environment. This 
environment is one that is conducive to learning. When the child 
is comfortable with math, s /he  will be in terested  in learning 
more about it."
Review of the initial written re sp o n se s  of responden ts  to 
the  question, "What are  your beliefs concerning the u se  of 
technological aids (calculators, com puters, etc.) in the  teaching 
of m athem atics?" also indicated that most held favorable views
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in this a rea . Many respondents felt that technology could provide 
an important learning tool within the m athem atics  curriculum. 
Clint, a  secondary  major, wrote,
With the accuracy of the computer, s tuden ts  will be able  to 
formulate their own rules with further exam ples. This 
allows them to discover the concepts  on their own without 
having the concepts and/or methods lectured to them. This 
m akes the learning more meaningful.
Robin, an e lem entary major, wrote, "I feel that the instruments 
listed could help a  child learn to understand or view math 
concepts in a  different perspective. This new way of seeing 
information could help them p ro cess  or learn math differently." 
Elementary major, Mary, provides another perspective on the u se  
of technology a s  a  learning tool, "Computers will be wonderful 
tools, especially for younger children b e ca u se  of the  software 
available, exam ple - drill and  practice. This type of software is 
beneficial for it gives the s tuden ts  extra practice if needed."
Many other respondents exp ressed  a  positive view toward 
the use  of technology b ased  on its potential to motivate students. 
Cheryl, a  secondary  major, posited that, "[technological aids] 
make math more interesting to students, more fun, more 
productive, a s  well a s  relative to real-life. It g ives a  student a  
chance  to explore avenues  not a s  readily available without aids."
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Robin, an  elementary major, felt that, "The use  of technology 
could also spark  a new interest in the subject or motivate the 
child to learn."
In sharp  contrast to the initial beliefs held concerning 
manipulatives and cooperative  learning, more than th ree-quarters  
of the responden ts  indicated reservations concerning the  u se  of 
technology in the m athem atics classroom. The most negative 
resp onse  cam e from Peter, an elementary major, who wrote, "I 
don't ag ree  with the u se  of calculators and com puters in 
mathem atics. The children u se  these  items a s  thinking types of 
crutches.... They becom e mentally lazy and no longer have to think 
or reason through a  problem." Most of the other reservations 
exp ressed  were less forceful and were split betw een a  concern 
for learning the basics first and the danger of s tudents becoming 
overly depend en t on technological aids. The following response  
by Mary Anne, an elementary major, epitomized the thoughts of 
many, "I think when teaching the basics it should be pencil, paper, 
and manipulatives, but once there is an understanding of the basic 
process... tech aids can be used for more complex work." Emily, a  
secondary major, wrote, "A dependency can be brought on by 
excessive use  of calculators. When a  person constantly u se s  a  
calculator there  is a  tendency to becom e unsure of yourself.
Basic math skills tend to deteriorate when not used."
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Another difference found in the  initial beliefs concerning 
the u se  of technological aids involved the importance of teaching 
students about technology a s  an end  in itself. None of the 
respondents  m ade such remarks concerning manipulatives. A few 
respondents com m ented on the importance of learning to be able 
to work cooperatively a s  an added benefit of cooperative learning, 
but not nearly in the numbers who supported the use  of technology 
for th e se  reasons. More than half of the respondents indicated 
tha t they  felt it w as  important for s tuden ts  to learn to u se  
technology a s  it is critical to our society today a s  well a s  to the 
work force that they a re  preparing to enter. Andrea, an 
elem entary  major, wrote, "I believe we should em brace  the 
technological advancem ent in the classroom . If s tuden ts  are  to 
achieve in the society they need to be able to use the technology 
material fluently when they are out of school." Secondary  major, 
Paula, felt similarly, writing, "The future will be  full of 
technological advances  and  if our students are  not aw are  of their 
uses...  they will not be able to fully function in society." Richard, 
a  secondary  major, added,
I feel it would be a  disservice to not instruct s tuden ts  on 
their [technological aids] use. I believe our job a s  educators 
is to prepare s tuden ts  for adult life - especially 
preparation for the business world. We cannot send  these
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kids out into the  professional world without familiarizing 
them in com puters and other technologies.
Findings abou t Beliefs. Throughout all three p h a se s  of the 
qualitative portion of this study it w as  c lear that s tu d en ts  
se em e d  to minimize the changes  that had occurred in their 
beliefs. Several possible explanations exist for this. O ne is that 
s tud en ts  responded  only that the direction of their beliefs had 
rem ained unchanged. In other words, if a  student had written a  
positive s ta tem ent a t  the beginning of the sem es te r  and their 
beliefs at the end  of the  sem es te r  were still positive, they 
responded  that their beliefs had not changed. Closer examination 
of the  data , however, often indicated c lear changes  in belief 
sys tem s even by s tudents  who claimed to the contrary. O ne way 
of noting this w as the discrepancy betw een the small number of 
s tud en ts  who felt that their beliefs in a  particular a re a  had 
changed  when com pared  with the larger number who felt that this 
course  would have an effect on the way in which they 
incorporated that a re a  into their teaching.
C hanged  Beliefs? Most respondents stated their beliefs 
concerning the use  of manipulatives in the teaching of 
m athem atics had not changed much since the beginning of the
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sem ester . Many, however, went on to clarify their answ er using 
words like "reinforced", "confirmed", or "strengthened" to a d d re s s  
the "unchanged change" concerning their beliefs toward the u se  of 
manipulatives. Such resp o n ses  are  epitomized by Karen, an 
e lementary education major, "I don't think they changed  at all. I 
think they have grown stronger. I'm more acutely aw are of the 
need for manipulatives." Similarly, secondary  major, S teve, said, 
"They really haven't [changed] b ecau se  I've always thought they 
[manipulatives] were really good, what we learned in c lass , and  
the experiences we've had just reinforced my belief." Laura, 
ano ther elem entary major who claimed that her beliefs hadn 't 
changed  much since the beginning of the sem ester, said, "The 
purpose of manipulatives is much more g rea t than I anticipated 
now than when I wrote this. I didn't realize that through 
manipulatives how much more learning is involved."
Although for the most part responden ts  indicated that their 
beliefs concerning the use  of technological aids had rem ained 
relatively unchanged, there  w ere  som e notable exceptions to this 
rule regarding the concerns  ex p re ssed  initially about s tuden ts  
becoming overly dependen t on calculators. Clare, an elem entary 
major, said,
In the beginning I thought of them [calculators] a s  being
crutches, but I don't think that anymore. I think that
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they are  more of a  help overall and  I don't think it's so 
important that kids learn the  actual calculations a s  it is 
that they gain the understanding of what they are  doing.
Doug, a  secondary  major, said, "In the beginning of the sem es te r  I 
still had the concern that s tudents  would use  com puters and 
calculators a s  crutches.... My views have advanced  farther.... It 
[technology] should be used  most of the time."
Another elementary major, Sam antha, related the ch anges  
in her beliefs,
In the beginning of the sem es te r  I thought only high school 
or college should be able to use  calculators, but now.... I 
believe that it can be used  in elementary school and  used 
for concepts . I thought that calculators w ere  just used  for 
skills only.... But now, its [my beliefs] changed  by knowing 
that it can be used for concepts and it can be an aid.
Further testimony for calculator u se  cam e from Ellen, an 
elem entary major, "At the beginning of the se m es te r  I said I 
thought they should know their basic  skills first and  now I really 
don't believe that. I think that they could be using the calculators 
to help them learn their basic skills."
When ask ed  how their beliefs concerning the  use  of 
cooperative learning in the teaching of mathem atics had changed  
s ince  the beginning of the sem este r , responden ts  felt that little
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change  had occurred. Prior to their m ethods c la sses ,  however, it 
se em s  that many lacked a true understanding of what was meant 
by cooperative learning but, nevertheless, responded  positively. 
The resp o n ses  written by Mary Anne and Peter at the beginning of 
the sem es te r  illustrated this phenomenon. Mary Anne, an 
elem entary  major, wrote, "I no [sic] very little abou t cooperative 
learning. W hat I do know is that it is effacatious fsic l." 
Elementary major, Peter, wrote, "I believe it's helpful b e ca u se  
research  has shown that children can learn by working with their 
peers."
At the beginning of the sem ester, Doug, a  secondary major, 
lamented, "Cooperative learning must be incorporated. How do we 
do it in m athem atics with much to cover and limited time?" Kim, 
another secondary  major who had written a t the beginning of the 
se m e s te r  tha t cooperative learning was "great", admitted later 
that, "In the beginning of the sem es te r  I didn’t know what 
cooperative learning was, but I hid it pretty well." Thus, the 
g rea t majority of written re sp o n se s  gathered  at the  beginning of 
the sem es te r  w ere  positive but tended to lack foundation in a  
true knowledge base  concerning cooperative learning. 
Consequently, many of the s ta tem ents in which students 
contended that their beliefs had not changed may be based  simply 
on an ag reem en t  with the directionality of their original beliefs.
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Effects on Future Teaching. Preservice teachers  m ade 
powerful s ta tem ents , a s  illustrated below, in re sp o n se  to 
interview question 10, "Do you feel that this m athem atics 
m ethods c la ss  will effect the way in which you u se  manipulatives 
in your own classroom?" Stephanie, an elementary major, said, 
Definitely! Because... I didn't grow up with it. I didn't u se  it 
so  I had never se en  it in action, I probably wouldn't u se  it. I 
had se en  it in my other practicum before I had this c lass , 
but I felt real fsicl apprehensive b e ca u se  I had never had any 
training. I definitely will want to u se  it.
Elementary major, Mary Anne, said,
Oh, definitely! I wouldn't have had any idea how to use  a 
manipulative or really what the different types of 
manipulatives that w ere  out there available to me a s  a  
teacher. Now, I know many different types of manipulatives 
that a re  available.... I feel so much more comfortable with 
them.... I just purchased  a  starter kit... so I'm planning on 
using them.
Secondary s tudents also seem ed  to be strongly affected, a s  
evidenced by Paula 's statem ent,
Definitely! I've been  introduced to so  many different things 
this sem ester... the algebra tiles... I never would have even 
known what they w ere if I hadn't taken this course. It's
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m ade me realize how important they are, how they can be 
used. You gave us a  lot of different, good ideas that I can 
use  in my classroom. I plan to u se  a s  many of them a s  I 
can.
Gina, another secondary  major, said, "Definitely! I’ve been  
exposed  to ideas on how to use different types of manipulatives, 
like a lgebra  tiles, the geo-boards and I think it m ade me more 
open to w ant to try different app roach es  and  different 
manipulatives." Secondary  major, Leslie, indicated,
I don't know that I would say how I would use  it would be 
the correct term, but I think w hether or not I would use  
them and the answ er is yes, and I know the reasons why... I 
would certainly mimic som e of the lesson s  I had.
In response  to interview question 11, "Do you feel that this 
m athem atics m ethods c la ss  will effect the way in which you use  
technological aids in your own classroom ?," Paula, a  secondary  
major, responded, "Definitely! I had no idea of the software that 
w as out there.... I really, really, like the  Geometric Sketchpad and 
the algebra w as good too."
Despite the relatively low num ber of secondary  s tuden ts  
who indicated that their beliefs had changed  concerning the use 
of cooperative  learning, more than three-fourths of them sta ted
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that this m ethods c la ss  would affect the way in which they use  
cooperative learning in their own classroom . This p reponderance  
represen ted  a combination of changed  beliefs, knowledge gained, 
and  first-hand experiences. Indicative of this, Tina responded, 
"Definitely!... intuitively, I thought it w as a  good idea, but now 
I've actually experienced it... I have se en  som e  of the strengths 
and w eak n esses  and I think I'll be much more inclined to use  it 
and  use  it wisely." Personal enjoyment of classroom  activities 
led Peggy to say, "Oh, absolutely! I think our entire c lass  w as 
cooperative  learning and the experience itself w as enjoyable." 
Paula added, "We liked the cooperative learning experiences and 
we did a  lot of things at our tables, and I got to se e  different 
perspectives, and I really enjoyed that, and  I definitely will u se  
it in my classroom." Linda stated, "It m akes math more fun if you 
are  doing it with other students... you are  learning new things and 
discovering new things."
Like the secondary  preservice teachers , more elem entary  
majors s ta ted  that the course  would affect their future teaching 
than had said that their beliefs concerning cooperative learning 
had changed . More than two-thirds of them indicated that the 
m ethods c la ss  would affect the way in which they use 
cooperative learning in the teaching of mathematics. In response  
to this question, J e a n  said,
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Definitely, b ecau se  the way she  had us in groups in that 
class... gave us a  lot of modeling on how to u se  groups in 
your classroom, and  what kinds of questions to ask  and  how 
they [students] should interact with each  other in a  group. 
Heather added,
Yes.... I've really liked the way that sh e  had us explain how
we got to a  certain answ er and sh e  would have us post it up
on the wall. I've never seen  that done before and that's 
something that I definitely want to use  in my classroom  
b ecau se  you can  get the sam e  answ er in different ways, and 
I feel it's important that children can  s e e  that.
E ducational E x p e r ien c es . The interview da ta  indicated that 
p reserv ice  teach e rs  received little exposure  to the use  of 
manipulatives, technological aids, and  cooperative  learning during 
their own elem entary and secondary  m athem atics education.
With regard to manipulatives, many of the older s tuden ts  in 
the  study felt that this w as a  function of the length of time that
had e lapsed  since they were in school. When asked how his
tea ch e rs  had used manipulatives in the classroom , elem entary  
major, Peter, said, "They didn't. I w as raised in the 60s." Leslie, 
ano ther older student, added, "'Manipulatives' was an unknown 
word in m athem atics when I was learning math." Despite the
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belief e sp o u sed  above, the lack of exposure  to manipulatives 
proved not to be related to age. A more traditional student, 
Harry, appea rs  to have been  accurate when he said,
It se e m s  like they [teachers] a re  more aw are  of them  now 
[1992] than they were then [1980s], even  though it hasn 't 
been  a  long time ago. I think when I w as growing up there 
really w asn 't a  g rea t deal of u se  of manipulatives.
Thus, it ap p ea rs  that although future generations of preservice  
tea ch e rs  may com e to the  college classroom  with more 
experience  in the u se  of manipulatives, currently this experience  
is lacking, regard less  a s  to whether the student com pleted high 
school 4  to 5 years ago, or 20 to 30 years ago.
Similarly, the  use  of technological a ids in the m athem atics 
education of preservice teach ers  is minimal. Approximately 
three-fourths of the  responden ts  reported that technology w as 
not u sed  in their m athem atics education. The rest indicated that 
calculators or com puters were used sparingly and in m ost c a s e s  
this u se  occurred in only one of the co u rses  that they had taken. 
No one reported that the use  of technological aids w as pervasive 
throughout their m athem atics education. The reason s  for this 
paucity of technological experience vary. David said, "We didn’t 
have them. I'm too old!" Unfortunately, many teachers have been  
slow to incorporate the use  of technology despite  its
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advancem ents  a s  indicated by Mary Ann, "I got in trouble a  couple 
of tim es with different teach e rs  for taking my calculator out in 
c la ss  in g rade  school. It w as really frowned upon." Similarly, 
according to Shelly, "I know we were told we could not u se  
calculators, not in our homework, not anything. The teach er  
pretty much knew every time we did and  we got in trouble for it."
The d a ta  also indicated that the educational experiences of 
preservice  teach e rs  included a  dearth of cooperative learning 
activities. Bill, a  secondary  major, said, "We were never put into 
tables, it w as all straight line, don't talk to your neighbor, be  
quiet, do your own work." Tina, another secondary  major, stated, 
"Our tea ch e rs  never put us in groups. It w as  always strictly 
lecture, the teacher  delivered, you did notes, did your homework, 
and took a  test." Clare, an elementary major, stated, "I don't 
think cooperative learning w as even thought of then. You know, it 
w as you do your own and if you got any help or d iscussed  it with 
anybody it w as considered to be cheating."
Working Hypotheses
The process  of open coding and axial coding (Strauss & 
Corbin, 1990) w as applied to the qualitative da ta  and culminated 
in the  generation of four working hypotheses from that data . 
T h ese  working hypotheses concerning the effects of a
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m athem atics m ethods course  were:
1. Mathematics m ethods courses  provide preservice teach ers  
with important knowledge and experience concerning the use  of 
manipulatives, technological aids, and  cooperative  learning.
2. Preservice  tea ch e rs  learn mathem atical content through their 
experiences in the m athem atics m ethods course  which involve the 
u se  of manipulatives, technological aids, and cooperative 
learn ing .
3. Preservice  tea ch e rs  a re  concerned  that difficulties might 
a rise  which will im pede their ability to incorporate the use  of 
manipulatives, technological aids, and  cooperative learning in 
their c la ss roo m s.
4. Preservice teache rs  leave their m athematics m ethods course  
with a  feeling that they need to learn more about the  use  of 
manipulatives, technological aids, and  cooperative learning.
The deg ree  to which each  of these  working hypotheses pervades 
preserv ice  teache rs ' beliefs concerning the  use  manipulatives, 
technological aids, and  cooperative learning a t  the conclusion of 
the m athem atics m ethods course will be d iscussed  in the 
following sec tio n s .
Increased  Pedagogical Knowledge
Mathematics m ethods co urses  provide preservice teache rs
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with important knowledge and experience concerning the use  of 
manipulatives, technological aids, and  cooperative learning.
M a n ip u la t iv e s . This hypothesis is evident in preservice 
teachers ' r e sp o n se s  concerning manipulatives. Heather said, "I've 
always believed in using manipulatives, but I've gotten more 
experienced using them. I can  se e  that I would feel more 
comfortable now." Robin said, "I've learned how to use  them 
[manipulatives] differently in ways I never thought." Mary Anne 
said, "The major change  is now I have som e experience with them 
[manipulatives] where before I didn’t have any experience." Shelly 
said, "I think this c lass  has just kind of helped me to understand 
the  different ways that you can  use  them [manipulatives]. I still 
believe that they a re  important." Similarly, Richard said, "I've 
se e n  more ways that you could implement them  [manipulatives] 
and right ways and wrong ways to introduce them."
Other responden ts  indicated that the newly gained 
knowledge concerning manipulatives showed them  that 
manipulatives have a  much more com prehensive utility than they 
had previously believed. Cindy said,
They [my beliefs] haven't really changed a  lot, except that I 
previously thought that you mostly used them 
[manipulatives] with really young children, but I can  s e e  
how you can  use  [them]... all the way through... maybe even
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into high school.
Similarly, Doug said,
I can  s e e  these  elementary students using blocks all the 
time. They are  using manipulatives. Does that mean that 
they're not acting their ag e  when they a re  in junior high 
school and high school, if they are using blocks? I don't 
believe that is the c a se  anymore. I think that we need  to 
re-evaluate the situation. So, I believe my views have 
in te n s i f ie d .
S am antha  said,
I thought that using manipulatives were only just a  positive 
approach to ge t them from having anxiety. Now I believe 
it's more than the anxiety. It has to do with actual concep ts  
and seeing the concepts in front of you.
Laura s ta ted  that, "The purpose of manipulatives is much more 
g rea t [sic] than I anticipated now than when I wrote this 
[beginning of se m es te r  writing]. I didn't realize that through 
manipulatives how much more learning is involved." Kim said,
I thought it [manipulatives] w as good to ge t  them excited, it 
w as more of a  thing to get excited with, a t the beginning, 
and not for them to actually use  it a s  a  learning tool, and 
now I think it is an actual tool of learning.
Another secondary  major, Emily, said,
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I thought they [manipulatives] would be  good only in lower 
levels of mathematics.... Now I can  understand how it can  
be  used  in higher levels, like with a lgebra  tiles.... And we've 
learned a  lot of different ways to u se  them  now, a s  opposed  
to, I thought it w as  just very basic  little things, putting 
blocks together.
Secondary  major, Donald, added,
I'd first indicated that they'd m ost probably be  [of] g rea te r  
importance during the earlier s tages . But a s  we continued, I 
think that, obviously, older ado lescen ts  can  be just a s  
well... suited for this and they [manipulatives] can  have a  
g rea t  importance in their learning.
Elementary major, Shelly, said, "With this c la ss  I've just 
expanded  my knowledge on how to u se  the certain manipulatives. 
They a re  not just limited to one area  anymore. They can be  used 
a c ro ss  the  math curriculum."
Som e students like Paula perceived certain dan gers  
concerning the use of manipulatives, but the m ethods course  
allayed th e s e  fears,
In the beginning of the course I w as  in favor of using them 
[manipulatives], but I w as  afraid that they [students] might 
becom e too dependent upon them so I said to use them in 
later years, but now I think that they should be u sed  at all
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levels and a s  much a s  possible.
Similarly, Tina s ta ted , "Now I think I feel more positive toward 
them a s  a  tool, still having that slight hesitancy about becoming 
depen den t upon them, but not to the deg ree  that I w as  a t  the 
beginning of the class."
Technological A ids. Preservice teach e rs  also indicated that 
the m athem atics m ethods course  provided them  with a  stronger 
knowledge b ase  concerning the use  of technological a ids in the 
teaching of mathem atics. Many s tuden ts  indicated that they had 
experienced  a sp ec ts  of technology of which they were previously 
unaware. Kim, a  secondary  major, said, "I'd never seen  a  program 
like that [Math Connections]. I w as totally am azed." Elementary 
major, Cindy, said, "I'd never seen  the calculator that sh e  put on 
the overhead before, and  there were other people in the c lass  too 
that had never seen  that before. We were going, 'What is this?1"
Cooperative Learning. An improved knowledge b a se  with 
regard to cooperative learning was also found among preservice  
teachers . Doug, who had expressed  concern over classroom 
m anag em en t while incorporating cooperative  learning, said, "I 
find that, a s  opposed  to the beginning, I feel that in cooperative 
learning, in the long run, you are getting more control b e ca u se  
they are  interested in what’s going on." Another significant 
change  in beliefs w as reported by Gina,
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Before... I would just think they would be working together 
to help each other on homework. But, now it's more like 
discussion within a  group.... It's to try to bounce ideas off 
of each  other, and  that way they'll be more open to 
m a th e m a tic s .
Carl, the only secondary  major who indicated that his beliefs 
concerning cooperative learning had becom e more negative, said,
"I w as probably more in favor of cooperative learning in the 
beginning than I am  now. I think that som e people just don't learn 
that way and they are  better off learning on their own." Even he 
deigned to admit, however, that, "I do think cooperative learning 
is helpful to som e students."
On the e lem entary side of the ledger, most s tuden ts  felt 
that their beliefs had remained basically the sam e  in this a rea . 
Som e reported that the experiences and learning that took place 
during the  se m es te r  were valuable, Erica said, "I enjoyed working 
in cooperative groups this sem ester. I got to see  how the 
dynam ics worked a  lot better by participating." Robin added, "My 
beliefs haven't changed , I just have a  g rea ter understanding of 
how to use  it [cooperative learning] in a  classroom." O thers in the 
unchanged  category reported a  reinforcement in their beliefs a s  
s ta ted  by Mary, "My beliefs in the beginning of the sem es te r  are  
the sam e , if not strengthened."
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Several e lem entary majors reported significant c h a n g e s  in 
their beliefs concerning cooperative learning since the beginning 
of the  sem ester. Ellen said, "Cooperative learning is really hard, 
so  m aybe just having a  peer tutor would be better." Carolyn 
indicated that the way in which she  would implement cooperative 
learning had changed, "I wouldn't put all the low kids together a s  
maybe I would have in the beginning."
A few elem entary majors indicated that their beliefs had 
becom e much more positive concerning the u se  of cooperative 
learning in the teaching of mathematics. O ne such s ta tem ent 
cam e  from Laura who indicated that she  had gained an,
"aw areness of how many things... can be done with cooperative 
learning. I didn't realize that it was such  a  g reat arena."
Content. Learned through these  Strategies
Preserv ice  tea ch e rs  learn m athematical content through 
their experiences in the  m athem atics m ethods course  which 
involve the use  of manipulatives, technological aids, and 
cooperative learning. The recognition that th ese  techniques a re  
helpful to their own learning p rocess  provides preservice 
tea ch e rs  with an incentive to u se  similar techniques with their 
s tu d e n ts .
The paucity of actual learning experiences with
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manipulatives that preservice tea ch e rs  bring with them  to 
college intensifies the importance of their u se  in the 
m athem atics m ethods course. The opportunity to actually learn 
with them becom es paramount. Testimony on the  efficacy of 
manipulatives cam e from Harry, a  secondary  student, who said, 
"From what we've done in c la ss  I'm really surprised about how 
well they work, with me a t least. I'm real [sic] surprised a t  how 
easy  it is to u se  them." Laura, an elementary major, felt 
s im i la r ly ,
I had never been  introduced to counting sticks and things of 
that nature, but knowing that the tools are  out there and  
being able to handle them myself, and  seeing the 
developmental thought process , and seeing  that I learned to 
understand how mathem atics works, encou rages  me to 
provide them to students.
Another elementary major, Sarah, said, "I didn't even  understand 
most of the [mathematical] concep ts  until this c lass , so  this 
c lass  has really helped to make me understand how this all fits in 
place by actually using manipulatives." Bill, a  secondary  major, 
sa id ,
I never really worked with them [manipulatives]... we didn't 
have them in high school.... Now, I've seen  how they 
[manipulatives] work. It's not just a  theory anymore or
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something I read, i’ve been able to experience
manipulatives and saw  how they affected me, and I can  kind
of adap t that to a  s tudent in their learning.
Ellen supported the notion that preservice teach e rs  learn 
while using technological aids in their m ethods course , "It w as
the hands-on learning with the calculator in c la ss  when we did
different computations of the calculator and  it w as  really fun and  
we still learned." Similarly, Becky s ta ted  that, "After you start 
working with it [calculator] you realize that is when the  learning 
takes place... you have just a  little bit of instruction to lead you 
into creating your own thought patterns."
Jennifer found that cooperative learning w as  helpful to her 
learning process. She said,
I could pretty much s e e  myself putting my students in 
groups a  lot more than I would have at the beginning of the 
sem es te r  since we learned that way.... I think if it helped 
me at my age, it would be helpful to smaller children too.
A Concern with Reality
P reserv ice  tea ch e rs  a re  concerned  that difficulties might 
arise  which will impede their ability to incorporate the use  of 
manipulatives, technological aids, and cooperative learning in
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their c lass roo m s. T hese  difficulties include: (a) insufficient 
time available to adequately  teach  concepts using th ese  
s tra teg ies , (b) unavailability of materials, and  (c) c lassroom  
m anagem ent.
The incorporation of manipulatives into the  real-world of 
the classroom  concerns many preservice teachers . Karen, an 
e lem entary  major, ruminated on her experiences in a  field-based 
experience required by the m ethods course,
I had what I thought w as a  wonderful activity and  the 
s tuden t I w as working with in a  matter of three  minutes 
destroyed the set.... Not only will I be using manipulatives, 
but I will be  more careful about the types of manipulatives 
I u se  and  the design that I use  and the durability.
Emily, a  secondary  major, said,
I'm thinking that this all sounds wonderful and dandy on 
paper, but once you are  in a  classroom with 30 kids with 50 
minutes and  you spend 5 minutes organizing, hand out 
manipulatives, do this and  that, I think the one  point you are 
trying to ge t across  in your manipulatives is going to take 
three  days, a s  opposed to write it on the board.... I think 
there  is a  time factor for manipulatives.
With regard  to the incorporation of technology into the
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classroom , preservice teach e rs  indicated a  concern  over the 
accessibility of calculators and  com puters  in their future 
schools. Steve, a  secondary major, said, "I don’t know how [much] 
the math teache rs  are  allowed to work in the  com puter room. If I 
can g e t  th ose  programs... definitely, but, it's just a  matter of 
availability." Elementary major, Amy, said, "The calculators that 
she  introduced us to were very interesting. If they were 
available to me in a  classroom setting, then I would use  them. 
That's the  problem. Not all this stuff is available to us." In a  
slight deviation on this them e, secondary  major, Leslie, 
considered  the philosophical underpinnings of her future school, "I 
think its [sic] [using technological aids] a  function of the 
particular school you are  in. If the school's for it, you'll do it, and  
if the school is against it, you won't." Linda, the only respondent 
who indicated that her beliefs toward the u se  of technology 
moved in the  negative direction a s  a  result of their m ethods 
course, said, "I think I was a  lot more idealistic about the use  of 
computers b ecau se  I thought there would be more a c c e s s  to 
computers.... I don't think many people [teachers] have a ccess  to 
the com puters."
The difficulty of implementing cooperative  learning 
stra tegies in their c lassroom s w as a  concern of som e preservice 
teachers. Donald, a  secondary major, felt that, "The c lass  size
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may be a  deterrent in incorporating such a  m easu re  [cooperative 
learning], also, the cultural make-up of the c lass. Som e students 
may not wish to work with other students." Ellen, an elementary 
major, said, "It's hard using cooperative learning... you have to be 
realistic... 2nd grade  and 1st grade, they're not ready for that.
I've been  trying and trying and they just grab and push and they 
a re  awful to each  other."
There is More to Learn
Preserv ice  tea ch e rs  leave their m athem atics m ethods 
cou rse  with a  feeling that they need  to learn more about the  use 
of manipulatives, technological aids, and  cooperative  learning. 
Som e s tuden ts  felt that the work with manipulatives that they 
experienced in the mathematics m ethods course  w as not a s  much 
a s  they actually needed. Peter, an elementary major, indicated 
this belief when he said, "I gained just enough information from 
this c lass  to realize that I don't know enough about 
manipulatives." Leslie, a  secondary  major, said, "I think that 
there should be more c lasses  that you can take a s  electives... 
where you could learn... how to use  different manipulatives to 
dem onstra te  different things to kids." Hopefully, Tina, a  
secondary  major, w as correct when sh e  said, "I'm concerned  about 
needing a  lot more practice to use  them, but I think the desire is
8 1
there. I think that 's  the most important thing."
For many s tuden ts  the exposure to technology that occurred 
during their m ethods course  m ade them realize that more learning 
would be necessary  in this a rea  also. Jean , an elementary major, 
said, "I haven't really had a  chance to really use  them 
[calculators/computers], so  I wouldn't feel comfortable, like 
explaining it to my children, so I would have to learn more." 
Secondary major, Peggy, said,
I think this c lass  has given me something to think about, to 
realize that I need  to go out and  get more. I think that they 
[calculators/computers] are  very good educational aids. I 
believe that I need  to know more about them. I plan to know 
more about them.
Conclusions from Qualitative Data
The experiences of preservice teach e rs  in a  m athem atics 
m ethods course  helps them develop favorable beliefs toward the 
u se  of manipulatives, technological aids, and  cooperative 
learning. Such beliefs might override their natural tendency  to 
teach  in the way in which they have been taught. This conclusion 
is supported by Emily, a  secondary major,
Before this, I never even thought of using manipulatives. I 
w as going to do just the way I was taught. You know, math
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is math. I have the basic knowledge, th ese  are the facts,
write it down, memorize it, this is how you use  it. Now I
found out there a re  a  lot of different ways to make the 
learning of math fun and keep them  interested.
This theory is also supported  by Cheryl's sta tem ent, "In this c la ss
we used  them [manipulatives] a  lot, which I never did in school,
and by me being exposed  to them it's opened  my mind and given me 
ideas to introduce s tuden ts  to them."
Although it rem ains unclear whether a  on e -sem este r  cou rse  
can  effect ch anges  in beliefs that have developed over a  lifetime, 
the powerful s ta tem en ts  of som e of the  participants are  
encouraging. Mary Anne said, "I used to think of math a s  
w orksheets  and  drill and  solitary work. I don't think of it a s  that 
anym ore. Definitely not!" Similarly, Donna s ta ted  that, "If it was 
not for this class... I would have been thinking more along the 
lines of the  paper and pencil activities. I've seen  a lot of creative 
ideas that I can use  from this class." T hese  s ta tem ents seem  to 
indicate that a  mathem atics m ethods course  can have a  profound 
impact on the preservice teach e rs  enrolled in it. Further, it 
s e e m s  that such a  course  might be capable  of providing part of 
what is necessa ry  to effect the type of substantive  reform that 
m athem atics education in this country needs.
Chapter 5
Discussion and Implications
This ch ap ter  will present: (a) recom m endations for the 
improvement of educational practice in m athem atics which a re  
sug ges ted  by the results of this study, (b) suggestions  for further 
research  on questions that this study did not adequate ly  answer, 
and (c) suggestions for further research b ased  on researchable  
questions that w ere  identified by this study.
E reserv ice  Elementary T eachers  Heading in the Right Direction
At the conclusion of the elementary m athem atics m ethods 
course, preservice teachers  were capable  of answering only 16.9 
out of 24 questions correctly on a  sixth-grade level test. Despite 
the significant improvement that this figure rep resen ts ,  much 
room for further improvement remains. Similarly, the  post 
sco res  of attitude for preservice elem entary tea ch e rs  is less 
than  scintillating. Despite the  significant im provem ent in this 
area, an average  of 43.3 on a  scale  ranging from 0 to 80 leaves 
th e se  preserv ice  elem entary  tea ch e rs  feeling neutral toward 
m a th e m a tic s .
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Since both the  attitudes toward m athem atics a s  well a s  the 
meaningful knowledge of m athem atical content of preservice  
e lem entary  te a c h e rs  improved significantly from the  beginning of 
the course  to its conclusion, it is c lear that cou rses  such a s  the 
e lem entary  m athem atics m ethods cou rse  described  in this study 
a re  beneficial. It se e m s  reasonable  to conclude that more time 
sp en t  in c o u rse s  which combine mathematical con ten t knowledge 
with the pedagogical stra tegies used  in this course  would be of 
further benefit to preservice e lem entary teachers . This can  be 
accom plished either by increasing the number of hours of 
m athem atics m ethods co u rse s  that preservice e lem entary  
teach e rs  m ust take, or by insuring that the m athem atical content 
cou rses  that they a re  required to take are taught by appropriate 
pedagogies.
Improve Problematic Areas of Preservice  Elementary
Preserv ice  e lem entary  te a c h e rs  perform ed particularly 
poorly at the end of the methods course  on questions: 4 (33.3% 
correct), 9 (48.2%), 12 (29.6%), 19 (14.8%), 22 (48.2), 24 (51.9%), 
and  25 (29.6%). Two of these  questions involve fractions, one 
involves long division, two involve geometry, and  the  final two 
cover probability and  statistics.
Long division and fractions a re  topics which have often
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cau sed  difficulty for students. More time spen t on developing 
conceptual knowledge of th ese  topics in the required course  for 
preservice e lem entary  teache rs  should be beneficial to them.
Geometry is often the course  in high school which 
frustrates many otherwise successful math students . One 
possible reason  for this is that many high school geometry 
courses  are  taught at a  level that the students are  unable to 
understand (Crowley, 1987). Many preservice elementary 
teach e rs  may still not have attained the van Hiele level at which 
most of high school m athematics is taught. Therefore, 
attempting to re-teach  this material to preservice  e lem entary  
teache rs  at a  level that they were unable to understand in the 
past may result in a  similar lack of su c ce ss  during their 
preservice  education. Thus, it is particularly important that 
m athem atics m ethods co u rses  and/or m athem atics con ten t 
co u rse s  for preservice  elementary teach e rs  cover geom etric 
topics more informally using appropriate techniques. Such 
experiences might help th ese  individuals move through the 
sequential levels of the van Hiele model of the developm ent of 
geometric thought. Knowledge of the van Hiele model and the 
ability to incorporate  informal geom etry  into their e lem entary  
m athem atics a g en d a  could help future elementary tea ch e rs  better 
prepare  their s tuden ts  for the geometry that they will study in
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high school.
The final two a re a s  which proved particularly difficult for 
preserv ice  e lem entary  te a c h e rs  were probability and  statistics. 
The traditional m athem atics curriculum has often shortchanged  
both of these  a re a s  (NCTM, 1989). Thus, it is possible that many 
preservice e lem entary  teach e rs  have  never studied probability 
and  statistics in their own educational backgrounds. The National 
Council of T eachers  of Mathematics' S ta n d a rd s  (1989) 
recom m ended that th ese  topics be  integrated a t  all levels of the 
curriculum. Clearly, if e lementary teach e rs  a re  to incorporate 
probability and  sta tistics into their c lassroom s, they m ust 
understand th ese  topics and their connections to o ther 
mathematical content. Mathematics content co u rses  and  
m athem atics m ethods courses  must, therefore, adap t to th ese  
new goals in m athem atics education and provide preservice 
e lem entary  te a c h e rs  with this knowledge.
Improve Problematic Areas of Preservice  Secondary
Preservice  secondary  m athem atics teachers  also  fared 
poorly on the  posttes t  of meaningful mathematical content on 
certain topics. Less than 80% of this group answ ered  correctly on 
7 of the sixth-grade level questions on this test. T hese  
relatively poor perform ances occurred on questions 4 (79.0%
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correct), 9 (73.7%), 11 (63.2%), 12 (68.4%), 19 (52.6%), 24 
(68.4%), and 25 (79.0%). Three of these  questions involve 
fractions, two involve geometry, and  the final two cover 
probability and  statistics. Interestingly, m ost of th e s e  questions  
a re  the sam e  ones  which preservice elementary tea ch e rs  had the 
m ost difficulty answ ering .
T eachers  of secondary  m athem atics m ethods co u rse s  should 
be aw are  that their s tudents a re  som etim es deficient in 
unexpected a reas . The poor performance on questions involving 
fractions is an example. One reason for the poor results in this 
a re a  could be  that many preservice secondary  m athem atics 
te a ch e rs ' knowledge of fractions is ru led-based  while this 
con ten t te s t  s t re s se d  meaningful mathem atical content. Covering 
topics such a s  fractions using g eoboards  and Cuisenaire rods will 
not only provide preservice secondary  m athem atics te a c h e rs  with 
important pedagogical knowledge for teaching, it may also 
increase  their meaningful knowledge of this topic.
As previously mentioned, geom etry  often p roves difficult 
even for s tudents that experience su c c e ss  in most other a re a s  of 
m athem atics. Results from this study sug ges t  that preservice  
secondary  m athem atics teachers , like their e lem entary  
counterparts, need  to learn geometry informally so  that they can 
p rogress  through the sequential levels of the van Hiele model of
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geometric thought. Further, an aw aren ess  of this model by 
secondary  m athem atics teachers  should be beneficial to them  a s  
well a s  to their future students.
Traditionally, calculus has been  considered  the c ap s to n e  of 
high school m athem atics (NCTM, 1989). Therefore, it is likely 
tha t many preservice secondary  m athem atics teach e rs  were 
pushed  through a  curricula which did not include the study of 
probability and statistics. In contrast, the  National Council of 
T each ers  of Mathematics recom m ended that more time be spen t 
exploring mathematical connections in co u rses  which p reced e  
calculus (NCTM, 1989). A wealth of fascinating opportunities to 
in tegrate  probability into algebra, geometry, and pre-calculus 
co u rse s  exist. Preservice  secondary  m athem atics te a ch e rs  must 
be  encouraged  to apply their mathematical knowledge to find such 
connections and, in the process, improve their knowledge b a se  in 
probability and statistics. An interesting ramification for the 
secondary  m athem atics methods teache r  is that the dearth  of 
experience  in the topics of probability and  statistics allows for a  
more realistic modeling of potential lessons, a s  in many c a se s ,  
the  preservice m athem atics teach e rs  a re  actually learning this 
content for the first time.
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Encourage Student T eachers
The respo nses  of preservice e lem entary and preservice 
secondary  m athem atics teach e rs  with regard to the potential 
effects of their m athem atics m ethods course  on the way in which 
they will teach m athem atics is encouraging. T hese  preservice  
tea ch e rs  have just com pleted 15 w eeks of m athematical learning 
which is quite different from the w ays in which they learned 
m athem atics for the previous 20 to 40 years  of their lives. They 
are  excited by many of the pedagogical techniques that have been 
m odeled for them and are  enthusiastic about implementing them 
in their own classroom s.
It is essential that these  preservice teach e rs  be  encouraged  
to teach  using the stra teg ies they have se en  in their m ethods 
course. It is vitally important that the  teach e rs  who se rve  a s  
their m entors during student-teaching continue to foster and 
encou rage  the implementation of the  pedagogical practices 
d iscussed  above. Ideally these  mentors should be knowledgeable 
of th ese  techniques and use  them in their c lassroom s during the 
initial w eeks when the student teacher  is observing. Seeing  the 
s tra teg ies  in action in a  real c lassroom  will reinforce the  
preservice teachers ' beliefs concerning their use . They will feel 
more comfortable implementing th ese  pedagog ies  knowing that 
their s tudents have been  exposed  to them  before, and that the
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mentor teache r  is capab le  of helping them.
Facilitating the goals described above can  be  accomplished 
by providing appropriate cou rse  work to m entor teache rs  to 
insure that they a re  sufficiently knowledgeable concerning the  
u se  of manipulatives, technological aids, and  cooperative 
learning. Further, m entor teach e rs  should be specifically 
se lec ted  for their expertise  in th ese  a re a s .  The student-teaching 
experience  is often referred to a s  the culmination of the 
preservice teacher 's  college experience. Only when this 
experience  truly allows s tudent teachers  to apply and build on the 
things that they have learned in their m ethods course  will this 
s ta tem en t be  accura te .
Provide More Mathematics Pedagogy
A plethora of com m ents m ade by preservice elementary 
tea ch e rs  and  preservice secondary  m athem atics teach e rs  
indicated their desire  to learn more concerning certain a sp e c ts  of 
mathematical pedagogy. Such com m ents were particularly 
common regarding the use  of manipulatives in the teaching of 
m athem atics and in the use  of technological a ids in the teaching 
of m athem atics. A single three-credit m athem atics m ethods 
course  d o e s  not seem  adequa te  to cover all of the mathematical 
pedagogy that preservice teachers  should know.
91
Attempts to resolve the inadequacies of a  single three- 
credit m athem atics m ethods course  must be  grounded in the 
reality of adding course  work to an already full com plem ent of 
graduation requirements. At the secondary  level, the developm ent 
of a  cou rse  specifically concerning the u se  of manipulatives in 
the teaching of m athem atics, and  a  course  specifically concerning 
the incorporation of technology in the teaching of mathem atics, 
should be  considered. The requirement of a  general methods 
course  for preservice secondary  m athem atics teach e rs  must be 
seriously questioned  in light of the am ount of subject-specific 
pedagogy that must be learned.
At the e lem entary level, more activities involving the  use  
of manipulatives and technological aids should be included in the 
practicum. The required e lem entary m athem atics m ethods course  
should continue to integrate the use  of manipulatives in the 
teaching of mathematics, and  the use of technological aids in the 
teaching  of m athem atics, into its curricula.
Another m eans of improving the pedagogical knowledge of 
preservice teachers  at both the elementary and the secondary  
level would be to insure that the mathematical content co u rses  
they a re  required to take employ manipulatives and technological 
aids. The pedagogical modeling that such courses  would provide 
could be extremely beneficial to th ese  preservice teachers .
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The importance of additional training for preservice  
teachers  with regard to technological aids is underscored  by the 
recom m endations of many experts that calculators be 
incorporated at every level (NCTM, 1991), and  that s tudents  u se  
calculators a s  often a s  textbooks (Bitter & Hatfield, 1991). 
Providing additional training for preservice tea ch e rs  in the use  of 
technological a ids is consis ten t with the findings of Bitter and 
Hatfield (1991) who warned that the successfu l incorporation of 
calculators would probably not occur without such support.
Can Secondary Methods Improve Content Knowledge?
Despite the  non-significant change  of meaningful knowledge 
of m athematical content in this study, re sea rch e rs  should 
continue to consider whether or not a  secondary  m athem atics 
methods course  can effect such a change. A tes t  designed to 
m easure  secondary  mathematics content may be a  more 
appropriate tool to use  for this purpose than the one employed in 
this study. The number of s tudents (19) participating in the 
secondary  portion of the study w as barely accep tab le  for 
quantitative purposes. Further, many of th ese  s tuden ts  were non- 
traditional. The results of this study do not preclude that a  
larger sam ple  from a more traditional population might yield a  
significant inc rease  in m athem atical content knowledge.
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CatL-Se.condacv-MethQ.ds Improve Attitudes?
The increase  m easured  in this study for the attitude toward 
m athem atics of preservice secondary  teach e rs  w as not 
significant. As noted above, the size of the sam ple  and  its non- 
traditional nature must be taken into account when considering 
this result. Further, the num ber of students who were 
sim ultaneously  taking high-level m athem atical con ten t co u rse s  
may have confounded the variable being studied. Enrollment in 
such co u rses  might have had a  detrimental effect on the attitudes 
toward m athem atics of th e se  students .
The result of the presen t study does not preclude that a  
secondary  m athem atics cou rse  could significantly improve the 
attitudes toward m athem atics of preservice  seco ndary  
m athem atics teach e rs  in another setting. Studies of the attitude 
change caused  by such a  course should be carried out with a  
sam ple which: (a) includes more than 19 respondents, (b) is more 
traditional in nature, and (c) includes only respondents  who are 
not taking a  mathematical content course  concurrently.
Actualization of Beliefs
Studies need  to be devised and carried out which 
investigate w hether or not preservice teachers  who have 
completed m athem atics m ethods courses  similar to the on es
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considered  in the  p resen t study actually follow through on their 
revised beliefs and incorporate the use  of manipulatives, the  use  
of technological aids, and  cooperative learning, into their 
teaching. Longitudinal s tudies could be carried out on a  
purposively se lec ted  sam ple  of preservice teachers . The 
participants in such studies could be  observed and interviewed 
throughout their student-teaching experience, a s  well a s  during 
their first severa l years  of teaching.
Can Practicing Teachers C hange?
Studies should also be  designed to investigate the effects 
of g radua te  m athem atics education co urses  on practicing 
teachers. Many of the sam e  questions asked  in the present study 
could be  adap ted  to this new population. The researcher could 
then attem pt to determine if the effects of the g raduate  course  
work has  any impact on the teaching styles of the 
participating teachers . A multiple c a se  study design could 
investigate the differences betw een the effects of undergraduate  
m athem atics m ethods cou rses  on preservice teach e rs  and the 
effects of g radua te  m athem atics m ethods c o u rses  on practicing 
te a c h e rs .
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Can-clusion
Evidence h a s  been provided that an e lem entary m athem atics 
m ethods co u rse  can improve the attitudes toward m athem atics, 
a s  well a s  the meaningful knowledge of mathem atical content, of 
preservice e lem entary  teach e rs .  Further, preserv ice  tea ch e rs  at 
both the elementary and secondary level have been  shown to be 
receptive to the mathematical pedagogies recom m ended by the 
National Council of T eachers of Mathematics. T h ese  results 
provide hope and  encouragem ent for teachers  of m athem atics 
m ethods co u rses  a s  they face the challenge of preparing 
preservice tea ch e rs  to reform m athem atics education in the next 
millennium.
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Appendix I AIKEN REVISED MATH ATTITUDE SCALE
D ir e c t io n s :  Each of the s ta tem ents  on this opinionnaire
e x p re sse s  a  feeling which a  particular person has  toward 
m athematics. You a re  to express , on a  five-point scale, the 
extent of ag reem ent between the feeling exp ressed  in each 
sta tem ent and your own personal feeling. The five points are: 
Strongly Disagree (SD), Disagree (D), Undecided (U), Agree (A), 
Strongly Agree (SA). You a re  to encircle the letter(s) which best 
indicates how closely you ag ree  or d isagree  with the feeling 
expressed  in each statement AS IT CONCERNS YOU.
1. I am always under a  terrible strain in a  math class.
SD D U A S A
2. I do not like mathematics, and it sc a re s  me to have to take
it.
SD D U A S A
3. Mathematics is very interesting to me, and I enjoy math 
co u rses .
SD D U A S A
4. Mathematics is fascinating and fun.
SD D U A S A
5. Mathematics m akes me feel secure, and  a t  the sam e time it
is stimulating.
SD D U A S A
6. My mind goes blank, and I am unable to think clearly when 
working math.
SD D U A S A
7. I feel a  s e n se  of insecurity when attempting mathematics.
SD D U A SA
8. Mathematics m akes me feel uncomfortable, restless, 
irritable, and impatient.
SD D U A SA
11 1
1 1 2
9. The feeling that I have toward mathem atics is a  good 
fee ling . SD D U A S A
10. Mathematics m akes me feel a s  though I'm lost in a  jungle of 
numbers and can't find my way out.
SD D U A S A
11. Mathematics is something which I enjoy a  great deal.
SD D U A S A
12. When I hear the word math, I have a  feeling of disiike.
SD D U A S A
13. I approach math with a feeling of hesitation, resulting from 
a  fear of not being able to do math.
SD D U A S A
14. I really like m athem atics.
SD D U A S A
15. Mathematics is a  course in school which I have always 
enjoyed studying.
SD D U A S A
16. It m akes me nervous to even think about having to do a  math 
problem.
SD D U A S A
17. I have never liked math, and it is my most dreaded  subject.
SD D U A S A
18. I am happier in a math class than in any other class.
SD D U A S A
19. I feel at e a s e  in mathematics, and I like it very much.
SD D U A S A
20. I feel a  definite positive reaction to mathem atics; its 
en joyable .
SD D U A SA
Appendix II Revised Essential Elements of Elementary Mathematics Test 
The purpose of this te s t is to determ ine w hether you can explain m athem atical facts and 
rules meaningfully, showing that you understand the principles involved. R ead all answ ers 
carefully and choose  the best one, keeping in mind the  em phasis on meaning. Circle the 
letter which co rresp o n d s to the correct answ er.
1. Of th e se  four num bers, three are  the sam e. Which one is different?
A. 64 hundreds and 59 ones
B. 6 thousands, 3 hundreds, 4 tens, and 9 ones
C. 63 tens and 49 ones
D. 634 ten s  and 9 ones
2 . 6 = 2 x 3  show s 6 as a  product of prime factors. Which of the following show s 60
a s  a  product of prime factors?
A. 60 = 3 x 4 x 5
B. 60 = 6 x 10
C. 60 = 1 x 60
D. 60 = 2 x 2 x 3 x 5
3 . Three of the following num bers a re  equal. Which one is different from the other
th re e ?
A. 2 /100
B. 0.2
C. 1/5
D. 20%
4 . Of the following numbers, choose  the sm allest
A. 2/3
B. 8/9
C. 8/11
D. 7/8
5. The sum  of two negative num bers is
A. le ss  than either addend
B. g rea te r than either addend, since two negatives make a  positive
C. possibly sm aller or larger, depending on the two num bers
D. equal to the difference of the two num bers if they w ere positive
6. In the  sen tence  18 -f- 6 = 3, 18 represen ts a  number of cookies.
A. Neither 6 nor 3 can represen t a num ber of children.
B. If 6 represents a  number of cookies, then 3 represents a  num ber of cookies.
C. If 6 represents a  number of children, then 3 represents a  num ber of cookies.
D. 6 m ust represent a  num ber of cookies.
113
114
7 . In the division 56 J  624 the first quotient digit is written
A. over the 2 b ecau se  56  won't go into 600.
B. over the 2 b e c a u se  10 x 56 = 560 and 100 x 56 = 5600; therefore the quotient
will be  betw een 10 and  99.
C. over the 6 b e cau se  the dividends first digit indicates 600, and 600 is larger 
than 56.
D. over the 4 b e c a u se  1 x 56 = 56.
8 . W hen a  certain num ber is divided by 8, the quotient is a  num ber w e will call n. In
other words, X 8 = n. If you know what num ber n is, you can  find X by
A. dividing 8 by n
B. dividing n by 8
C. multiplying 8 by n
D. adding 8 and  n.
If this entire rectangle  rep resen ts one unit, the c ross-hatched  part rep resen ts
A. (2/6) X (1/2)
B. (1/2) X (2/3)
C. (2/3) X (1/3)
D. (1/3) X (1/2)
10 . The number 10 -^ -(1 /2 ) represen ts the solution to the problem
A. How many boys cam e to the club meeting if half of the ten children present 
were boys?
B. With 10 sticks of gum, how many children can have gum if e ach  gets  1/2 stick.
C. Give each  of 2 children half of a box of 10 apples. How many apples will each 
get?
D. Divide 10 crayons equally between two boxes. How many crayons will be in 
each  box?
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11 . To explain the meaning of (1/2) -1- (1/4), you might say
A. Invert (turn over) th e  (1/4).
B. S uppose  you have 1/2 yard of ribbon and you need to cut it into p ieces each  1/4 
yard in length.
C. Multiply (2/1) x (1/4)
D. S uppose you have (1/2) of a  candy bar and you want to give som e to each  of 4 
children.
12 . In the division 1 . 3 /  62.48 w hen you move the decimal point in the divisor p ast the 
3 and then move the decim al point in the dividend, you are
A. multiplying divisor by 10 and  dividend by 100.
B. not changing either dividend or divisor.
C. dividing divisor and dividend by 100.
D. not changing the quotient.
13 . To estim ate 43 x 28 by rounding to the nearest 10, think
A. 40 x 20
B. 40 x 30
C. 45 x 25
D. 50 x 30
14 . Of the following, the b est estim ate  for 18.5 — 1.52 is
A. 0.19
B. 1
C. 12
D. 113
1 5. 5% of $170 indicates the  am ount you would have if you
A. divide $170 into 100 equal parts and take 5 of the parts.
B. divide $170 into 5 equal parts and take 1 of the parts.
C. divide $170 into 10 equal parts and take 2 of the parts.
D. take 5 times $170 and move the decimal point 2 p laces to the right.
16 . You have travelled 240 m iles since you filled your gasoline tank. Your car
averages 16 miles per gallon. The cost of gasoline is $1.15 per gallon. You have a  
$20 bill. To determ ine w hat am ount of money, if any, you will have left after 
filling the tank, you might perform the following operations in the given order:
A. divide, subtract, multiply
B. divide, multiply, sub trac t
C. multiply, divide, sub tract
D. subtract, divide, multiply
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17. If 2n + 1 = 18, n is
A. 7.55
B. 8
C. less than 8
D. g reater than 8
A. B.
C hoose  the correct s ta tem ent:
A. The a rea  of figure A is g rea te r than that of figure B.
B. The perim eter of figure A is less than that of figure B.
C. The a rea  of figure A is less than that of figure B.
D. The perim eter of figure A is g rea te r than that of figure B.
19 . Points F and C on line DG. ABCD is a  rectangle.
The a rea  of triangle ABG is:
A. less than half the a rea  of parallelogram AFGB.
B. more than half the a rea  of parallelogram AFGB.
C. half the a rea  of rectangle ADCB.
D. not determ ined by the conditions.
2 0 . A piece of tape 1.6 m eters in length is to be cut in equal lengths m easuring 20 
centim eters each. How many p ieces of tape can be produced?
A. 8
B. 0.8
C. 32
D. 12.5
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2 1 . A strip of p ap er 3  yards, 5 inches long is taped  on a  wall for a  mural. Another 
p iece 1 yard, 2  feet, 7 inches long is taped  end-to-end with the first piece, giving a 
total length of:
A. 5 yards
B. 4  yards, 3 feet, 2 inches
C. 5 yards, 2  feet
D. 5 yards, 2 inches
2 2 . A circular flower garden h as  a  d iam eter of 10 feet. Approximately how many feet 
of border a re  needed  to enclose the garden?
A. 18 feet
B. 32 feet
C. 28  feet
D. 22 feet
2 3 . On a  num ber line, the point halfway betw een 1.3 and 3.9 is
A. 2.2
B. 2.6
C. 2.8
D. 3.0
2 4 . The average  (mean) of 4 whole num bers is 16. Two of the  num bers are  32 and 2. 
The o ther two num bers are
A. both g rea te r than 2
B. both less than 32
C. both 16
D. equal
2 5 . A bag contains som e marbles. You reach in and pull out one marble without looking. 
The probability of drawing a  blue marble is 2/5 if the bag  contains
A. 2 blue, 5 red, 3 yellow
B. 4 blue, 10 red
C. 4 blue, 3 red, 3 yellow
D. 2  blue, 5 yellow
2 6 . D escribe the types of thought p rocesses that you went through in answering these  
questions. Are there differences betw een this test and other m athem atical content 
te s ts  that you have taken? Explain why or why not. (Use back if necessary .)
Appendix III
C onsent to Participate in a  R esearch  Study 
University of Nevada-Las Vegas
Title: The Effects of Mathematics Methods Courses on the Mathematical Attitudes, 
Content Knowledge, and Pedagogy of Preservice Teachers.
Purpose: You are being asked to participate in a research study. This study hopes 
to learn the effects of a mathematics methods course on the attitudes and content 
knowledge of preservice teachers.
Subjects: You have been selected because you are enrolled in one of the following 
methods courses designed for preservice teachers: CIE 452 or ESE 416.
Procedures: If you decide to volunteer, you will be asked to take a pretest and a 
posttest of your mathematical knowledge and an attitude survey toward mathematics. 
The pretests will be given during the first week of classes, and the posttests will be 
given during the last two weeks of classes. The attitude survey should take about 15 
minutes, the content test about 25 minutes. You will also be asked to undergo a 
structured interview concerning your experiences in the mathematics methods 
course.
Benefits: The goal of this research is to make recommendations for improving the 
quality of preservice teacher education in mathematics.
Confidentia lity: The researcher will maintain the confidentiality of the data 
which your tests provide.
Com pensation: You will be provided with a packet of interesting 
mathematics educational materials as a token of appreciation for your 
participation in this project.
Rights: Your participation is entirely voluntary, and you may withdraw 
from the project at any time without consequence. Your participation in this 
study represents consent for the researcher to use the data collected for 
dissertation purposes, as well as future professional presentation or 
publication.
Questions: If you have any questions please feel free to ask Robert J. Quinn,
ICS Doctoral student, office CEB 237k.
Respondent signature
______________________________________ Date
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Appendix IV - In te rv ie w  Q u e s t i o n s
1. What are your current beliefs concerning the use  of 
manipulatives in the  teaching of m athem atics?
2. How have your beliefs concerning the u se  of manipulatives in 
the  teaching of m athem atics changed since the beginning of the 
s e m e s t e r ?
3. What are  your current beliefs concerning the use  of 
technological aids (calculators, com puters, etc.) in the teaching 
of m a th em a tic s?
4. How have your beliefs concerning the u se  of technological aids 
in the teaching of m athematics changed since the beginning of the 
s e m e s t e r ?
5. W hat are  your current beliefs concerning the use of 
cooperative  learning in the teaching of m athem atics?
6. How have your beliefs concerning the u se  of cooperative 
learning in the teaching of mathematics changed  since the 
beginning of the se m es te r?
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7. How did your teach e rs  u se  manipulatives w hen you w ere 
learn ing  m a th e m a t ic s ?
8. How did your te a ch e rs  u se  technological a ids w hen  you w ere  
learn ing  m a th e m a t ic s ?
9. How did your te a ch e rs  u se  cooperative  learning w hen you w ere  
lea rn ing  m a th e m a t ic s ?
10. Do you feel th a t  this m athem atics  m ethods c la s s  will effect 
the  way in which you u se  m anipulatives in your own c la ss ro o m ?  
P le a s e  explain.
11. Do you feel th a t  this m ath em atics  m ethods c la s s  will effect 
th e  way in which you use  technological a ids in your own 
c la ss ro o m ?  P le a s e  explain.
12. Do you feel th a t  this m athem atics  m ethods c la s s  will effect 
the  way in which you use  coopera tive  learning s t ra te g ie s  in your 
own c la ss ro o m ?  P le ase  explain.
13. The final question is an open  en ded  one. Do you have  anything 
tha t  you would like to add  concern ing  the  u se  of m anipulatives, 
technological a ids , or coopera tive  learning which you feel that 
th e s e  q u es tio n s  did not cover?
